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PREFACE

The study reported herein was performed under the RDT&E Program,
Project 4A762719AT40, Work Unit EQ/005 entitled "Improved Tunnel and
Rock Cavity Support Systems,'" sponsored by the Office, Chief of Engi-
neers (OCE), U. S. Army. Mr. D. S. Reynolds was the OCE Technical
Monitor.

The investigation was conducted by the U. S. Army Engineer Water-
ways Experiment Station (WES) during the period FY 77-FY 80. The study
was conducted under the direct supervision of Mr. J. S, Huie, Chief,
Rock Mechanics Applications Croup (RMAG), Geotechnical Laboratory (GL),
and under the general supervision of Dr. D. C. Banks, Chief, Engineering
Geology and Rock Mechanics Division; Dr. W, F. Marcuson III, Chief, GL;
and Dr. P, F. Hadala, Assistant Chief, GL. Mr. R. D. Bennett, RMAG,
prepared the report.

Commanders and Directors of the WES during the investigation and
preparation of this report were COL John L. Cannon, CE, COL Nelson P.
Conover, CE, and COL Tilford C. Creel, CE. Technical Director was

Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

acres , 4046.8 square metres

Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

feet 0.3048 metres

gallons per minute 0.003785 cubic metres per minute

inches 25.4 millimetres

miles (U, S. statute) 1.61 kilometres

pounds (force) per square 4.882 kilograms per square metre
foot

pounds (force) per square 703.1 kilograms per square metre
inch

pounds (mass) per cubic 16.02 kilograms per cubic metre
foot

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: C = (5/9)(F - 32). To obtain Kelvin
: (K) readings, use: K = (5/9)(F - 32) + 273.15.




TUNNEL CCST~ESTIMATING METHODS

PART I: INTRODUCTION

Background

1. Tunnel construction in the United States has been character-
ized as a high-risk, high-cost business. Cost overruns and delays have
been especially damaging to public support for rapid transit tunnel
projects and, to a lesser extent, to water tunnels. This support is
critical since most tunnels are built and maintained with taxpayers'
dollars. Consequently, decision makers have been forced to consider the
following difficult questions:

a. What factors cause these overruns, what is the relative
impact of each factor, and what can be done to improve
the assessment of these factors?

b. What is needed to make tunnels more competitive with
aboveground alternatives?

c. The big question: Are these projects necessary and in
the best interests of the taxpayer or are there better
alternatives?

2. Much research has been sponsored by public agencies to find
answers to these questions. Institutional factors have been studied
(Mayo et al. 1968 and 1976, and National Research Council 1974). Such
factors include the business climate, the reputation of the owner, the
relative demand for tunnel construction and competing construction,
which influences bid prices, risk, and profitability, and the general
owner-engineer-contractor relationship. The barriers to technological
innovation and to increased competition through the entry of new firms
into the market have been studied, and recommendations have been made
for improving the current situation. This report deals with one part of
the overall problem; i.e., given the natural variability of underground
conditions, the productivity of various combinations of men and equip-
ment capable of constructing a tunnel, and the uncertainty of the eco-

nomic climate, how reliable can the estimate of the cost of this planned
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construction be? A companion question to which answers were sought was,
what is the relative cost impact of each of the identifiable items of

uncertainty?

Purgose

3. The purpose of this study was to develop or adapt reliable
methods for estimating tunnel construction costs that could be used by
planners and designers who are not necessarily tunnel experts or

estimators.

Scope

4. This report presents the results of a study of tunnel cost-
estimating methods. Important elements of tunnel construction are sum-
marized and manual methods and computer models for estimating tunnel
costs are described and compared in Part II. The computer model (COSTUN)
was selected for in-depth study using case histories of completed tun-
nels. The three types of estimates prepared for each of the three se-
lected case histories are as follows:

a. Estimates were prepared using all information known to be
available to bidders. These estimates were compared with
the engineer's estimate and contractor's bids.

=4
.

Estimates were prepared using all information available
at completion of the tunnel. These estimates were com-
pared with the as-built cost and the preconstruction
estimates and bids.

c. Parameter studies were made using all information known
to bidders. Several estimates were prepared to assess

the cost consequences of assigning different values to

one factor while holding all other factors constant.

5. The results of the analysis of COSTUN using tunnel case
histories are discussed in Part 1I1I, and the summary and conclusions are
presented in Part IV. A complete user's guide for the COSTUN computer

program is contained in Appendix A.

1
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PART II: DESCRIPTION OF ESTIMATINC METHODS

6. In this section, a general discussion of tunneling and tun-
nel cost estimating is presented, and manual methods, including the use
of cost curves, are discussed. Four computer models for estimating

costs are described and compared.

Elements of Tunnel Construction

7. Before planning and estimating the cost of a tunnel, it is
necessary to understand the different equipment and work methods that
can be used to accomplish the job. Tunnel construction equipment may be
divided into three main groups: (a) excavation equipment such as drills,
jumbos, tunnel-boring machines, roadheaders, and mucking machines;

(b) tunnel haulage equipment such as front-end loaders, trains, and con-
veyors; and (c) service equipment and facilities such as ventilation and
air conditioning, generators, hoists, and lights. Although the selec~-
tion of service equipment and haulage equipment is not much affected by
the selection of the heading excavation method, the selection of excava-
tion equipment is definitely dependent on this method. Parker (1970)
and Mayo et al. (1968, 1976) provide thorough treatments of tunneling
from different perspectives.

8. The actual construction of the tunnel consists of six main

operations:
a. Excavation.
b. Muck disposal.
c. Primary support installation.
d. Pumping, grouting, or other ground control measures.

. Ventilation and air conditioning.

jm jo

. Permanent lining installation.
The methods and timing for each of these operations may be varied to fit
project requirements, site characteristics, and to some extent, designer

or contractor preference. Excavation methods and equipment commonly
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used are described in the following paragraphs. A more detailed discus-
sion of various methods used in construction of tunnels and shafts is
contained in FEM LL10-2-2901 (Dept. of the Army, Office, Chief of Engi-
neers (OCE), 1978).

Conventional tunnel
driving (drill and blast method)

9. Three major operations characterize this method of advancing
a rock tunnel face. First, a burn cut is drilled at the center to allow
room for rock expansion. Additional rings of holes are then drilled in-
to the face on a predetermined pattern, using air or hydraulically oper-
ated drills mounted on a movable platform or jumbo. The holes are then
loaded with dynamite or ANFO (a mixture of ammonium nitrate and fuel
oil) and exploders that are connected to an electrical firing circuit.
Men and equipment are then moved back a safe distance and the round is
fired. After ventilation of powder fumes, the mucker is moved in and
loads the broken rock into muck cars. Then the muck is transported to
the surface and disposed of, the mucker is moved back, and the drill
jumbo again advances to the tunnel heading to start another round.
Depending on rock conditions, grouting to stop groundwater inflow, sup-
port placement, and exploratory drilling ahead of the face may be nec-
essary before another round is drilled for explosives.

10. Major decisions that must be made in the planning stages of
a conventionally driven tunnel include whether air, electric, or diesel
power will be used and whether equipment will be rubber~tired or travel
on rails. The basis for selection of power options and equipment mobil-
ity are covered in detail by Parker (1970) and are only summarized in
this report.

1ll. Several variations may be used in conventional tunnel driv-
ing to accommodate special conditions. In good rock, full-face
excavation is the favored method, but in poor rock or a mixed face, or
in very large tunnels or caverns, heading and bench or multiple drift
methods may be used. When heading and bench excavation is used, the top
is normally driven portal to portal before excavating the bench. This

practice allows the use of the drill jumbo in both operatioms. Prior to




about 1940, before jumbos became popular, the bench was usually exca-
vated just behind the heading, with only a short 10 to 15-ft* working
platform left.

12. Multiple-drift excavation is used when the crown must be
continuously supported. Drifts may be driven at opposite springlines
with rockbolts and shotcrete used for support. The rockbolts may ex-
tend transversely across the crown of the main tunnel so that it may
then be safely mined. There are variations in the placement of drifts
to meet special cases.

13. In a mixed-face excavation, part of the tunnel face consists
of crushed rock or soft ground and the remainder is more competent rock.
Forepoling or spiling is used to support the roof between the nearest
steel set and the face. Sharpened wood spiles or steel rods are driven
into the roof at a shallow angle from behind the nearest support and ex-
tended some distance beyond the face.

l4. Blasting patterns vary for different conditions and because
of contractor preference. The many options and factors that shcould be
considered to develop an efficient blasting pattern are discussed in de-
tail in EM 1110-2-2901 (Dept. of the Army, OCE, 1978). Blast holes are
normally drilled either 8 or 12 ft deep. Two popular patterns are the
angled cut and the burn cut. A combination of the two is also used.
With the angled pattern, four cut holes are angled from the face to in-
tersect at the axis and are heavily charged. Next, a ring of relief or
easer holes is drilled, followed by one or more rings of enlarger holes,
deperding on the tunnel diameter. The outermost holes are the trim
holes. Trim holes in the invert are called lifters. Successive rings
are detonated after predetermined delays, starting with the cut holes at
the axis. The trim holes are fired last. The lifters in the invert may
be fired before or after the trim holes around the crown and spring
lines, depending on the desired shape and size of the muck pile. The

burn cut pattern uses one or more lacge diameter uncharged holes at the

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.

o




L U . N

axis to allow room for rock expansion when the outer rings are deto-
nated. Again blasting proceeds from the easer holes to the trim holesd,
usually with predetermined delays between detonations of successive i
rings.
15. Jumbos for drilling the blast holes may run on the same
’ track as rail muck cars or may straddle the muck car tracks on wide
gauge raildg, or in large tunnels, the jumbo may be rubber-tired. In
small tunnels, with insufficient head space for a jumbs, lightweight

air-leg drills may be used.

16. Mucking in small tunnels may be accomplished using a rail-
mounted, air-operated, rocker-type shovel that loads the muck cars. In

larger tunnels, an electric-powered mucker may scoop the muck onto a

short conveyor section that dumps into the muck cars. The muck cars are
pulled by electric or diesel-powered locomotives; if rail cars are used
in steep-sloped tunnels, they may be winched. In very large tunnels,

rubber-tired equipment is usually chosen for muck loading and hauling.

Tunnels driven with a shield

17. Shield-driven tunnels get their name from a steel plate
shaped to fit the outside dimensions of the tunnel. The shield is used
to prevent loose material from flowing or running into the excavation

and must be jacked against the face. The miners excavate the face

Ak

work under the front section of the shield, while supports are erected
inside the rear section of the shield. As the face is excavated, the 1
shield is jacked forward and slides past the previously erected sup-
ports. Tunnel support is transferred from the shield to the supports ]
that may be cast iromn, steel, or precast concrete segments. The annular

space left by the thick shield plate is filled with pea gravel and

grouted soon after jacking the shield forward. The use of a shield is
dictated by poor ground that cannot be safely mined otherwise. In run- i

ning ground, breastboarding at the face is required.

PSP

Tunnels driven under air pressure

18, Tunnels driven through soft ground below the water table or

through crushed water-bearing rock zones require the use of compressed

air in conjunction with the shield and partial or full breast boards at

i
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the face. The air pressure is maintained by use of an air lock in the
rear of the shield or at the portal. Sufficient pressure to balance the
hydrostatic head is maintained forward of the air lock. Work hours are
restricted proportional to the air pressure used, and a medical lock
with a full-time attendant must be provided. Costs are proportionately
higher for compressed air tunnels. The West Cermans have recently in-
troduced a successful slurry shield, the Hydrashield, which balances the
hydrostatic pressure at the face with a bentonite slurry under pressure
and thus eliminates the need for compressed air work.

19. Tunnels driven by boring machine (mole). This method of

excavation replaces the cycle of drill, blast, and muck with (nearly)
continuous simultaneous excavation and mucking. In soft, competent rock
conditions, moles make faster progress than conventional driving methods.
The mole or tunnel boring machine has a round rotating or oscillating
cutterhead that may be fitted with any of several types of bits, teeth,
or discs, depending on the type of material encountered. The material
removed by the cutter is scooped from the invert by a muck bucket that
rotates with the cutterhead. The muck is dumped on a conveyor belt and
carried away from the face, either to the shaft or portal or to muck
cars behind the mole. Moles may be used with shields in incompetent
materials or soft ground, but better progress is made in soft, consis-
tent rock where a shield is not necessary. Excavation in very hard rock
wears down the bit very quickly; stratified rock or mixed face results
in uneven thrust and excessive bearing wear and can cause large rocks to

jam between the tunnel wall and rotating cutterhead.

Tunnel Estimating

20. Tunnel estimating is the art of conceiving a job on paper
and properly evaluating the cost of planned construction. The assump-
tions and decisions that form the basis for cost computations are made
by comparing cost records of similar completed projects, assuming a syn-
thetic organization of men and equipment and rates of material usage and

progress, or a combination of the two. A cost estimate can be prepared

10




=Y

manually or with the aid of a computer, but the basic decisions that
must be made are identical and often both methods are used as a check.
To develop a synthetic model, the method of excavation must be chosen,
types and amount of equipment selected, progress rates assumed, crew
sizes and makeup decided, and man-days required to accomplish the job
estimated. The actual estimate quantifies the cost of the various in-
puts, including equipment, labor, materials, supplies, supervision, and
escalation. Normal contingencies, risk, interest, and profits are not
included in the estimate but compose the markup added to the estimate to
arrive at a bid price. Engineering design and inspection are usually
absorbed by the owner and are not included in the estimate. On a manual
estimate, an estimator sets down all computations and afterwards pre-
sents the quantities and costs on a spread sheet that must conform to

the owner's format in the request for bids. For a computer estimate,

production rates, crew sizes, wage rates, and work hours are among the

necessary inputs to produce a tabulated cost estimate. There are dis-

advantages and advantages of each method. Probably no contractor has

E

ever submitted a tunnel bid prepared solely by a computer; a manual es-
timate gives them more confidence in the assumptions and calculations

used and serves as a check on the black box. On the other hand, the

computer method allows an owner's representative to evaluate many alter-
natives to optimize route selection, support design, depth of cover,
shape, excavation method, and other factors to arrive at the most eco-
nomically feasible option in the time available. A hand-calculated
estimate may then be prepared on the most promising alternatives as a
check. Obviously, then the selection of the method depends on the in-
tended use of the estimate.

21. The following paragraphs present a discussion of the proce-
dures for preparing a detailed manual estimate, a preliminary estimate
using unit cost data, and the use of cost curves.

Manual estimates

22. The steps involved in preparing a detailed manual estimate

follow:

11
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a. Obtain and study plans and specifications.
1 b. Inspect site.
¢. Review aerial photographs, geological reports, and bor-
ing logs.
d. Tabulate quantity takeoffs.
4 e. Obtain quotes from suppliers, insurance and bonding com-
panies, and subcontractors.
f. Determine wage rates.
g. Prepare construction schedule.
h. Select excavation method.
i. Select equipment,
j. Estimate cost of equipment rental or purchase.
k. Determine crew size and makeup.
1l. Estimate progress rates.
m. Estimate cost of aboveground development.
n. Estimate cost of tunnel excavation supplies.
o. Estimate cost of tunnel excavation labor.
p. Estimate cost of support and lining supplies.
g. Estimate cost of plant. ‘
r. Estimate cost of concrete-lining labor. :
s. Estimate direct cost of other bid items. :
t. Tabulate all direct costs.
u. Estimate indirect costs.
v. Estimate camp costs.
w. Estimate escalation.
x. Tabulate total estimated costs of project in format re-

quired by request for bid.
All the steps above are interrelated and must be checked back and forth.
For example, the initial construction schedule may be altered several
times, but the contract end date must be adhered to. Thus men and
] equipment may have to be added to accomplish some tasks more quickly.
The plans and specifications will be referred to countless times, 1i.e.,
after the site visit to check the impact of new information gained about
access, labor wage rates and availability and their impacts on partic~

ular excavation methods, blasting restrictions, availability and cost of




power and water, etc. The review of _eological information may indicate
that a favored method of excavation or groundwater control will not work,
necessitating changes. It is a good idea to prepare a checklist, and as
each step is completed, compare them to determine if there are conflicts
that must be resolved before moving to the next step. Quantity takeoffs
must be calculated for each supply item or task and tabulated for conve-
nient identification and cost of every aspect of the job. Requests for
quotations from equipment and materials suppliers are made at the earli-
est possible dateé, even before the excavation method is chosen, to nail
down these costs. These quotes serve as the basis for evaluating alter-
native methods and equipment.

23. Wage rates and availability are usually determined during
the site visit, but they may change before the contract is awarded and
so must be watched carefully. Selection of the excavation method sets
the stage for many of the subsequent decisions and must be carefully
weighed against required equipment purchases versus equipment currently
owned, required crew makeup, manufacturer's lead time, and a host of
other factors. Currently owned machines are always favored if they are
suitable for the tasks. Selection of muck haulage and service equipment
is not much affected by the excavation method. Tunnel length, size,
shape, distance to disposal, and time allowed for completion do have a
major impact on types and numbers of equipment used. Similarly, crew
size and makeup are dependent on methods and equipment used. The ad-
vance rates that can be achieved are tied to all these factors; the
slowest unit of production is the controlling one. For example, a tun-
nel boring machine may be capable of excavating 50 ft per shift, but if
it is mated with a muck removal system that is slower or breaks down of-
ten, the mole will never develop that rate. In drill and blast tunnels,
the length of rounds must be balanced against the capacity and cycle
time of the muck removal system. Juggling men and equipment, length of
rounds, etc., may be required to achieve the best possible efficiency.
In some cases, more men and equipment might speed up mucking, but lim-
ited work space in small tunnels might preclude this effort. In such a

case, multiple headings or alternating headings may be advantageous. To

13




achieve a synchronized efficient advance rate with the least possible
idle time is one of the most difficult, yet necessary, tasks in tunnel
construction. It cannot be done with any finality on paper but requires
continuous monitoring and the ability to adapt quickly to changing
conditions.

24. When the best estimate of progress rates has been arrived
at, the next step is to tally the direct and indirect costs of each pay
item. Direct costs may be arranged in the following categories after
the equipment, crew makeup, advance rates, and quantities hsve been set:

a. Access and supply logistics (mebilization).
b. Tunnel excavation.

(1) Labor.
(2) Materials.
(3) Equipment.

c. Primary support.

(1) labor.
(2) Materials.
(3) Equipment.

[1=%

Lining.

(1) Labor.
(2) Materials.
(3) Equipment.

e. Demobilization and salvage.

25. Indirect costs must be developed next. Checklists are time-
saving aids for this task and can be used for insurance, plant, :ield
overhead, and office supervision. The effects of inflation and the data
used by the contractor to develop a cash~flow forecast must be checked.
In some instances, the figures may be juggled to produce a more favor-
able cash flow during the early stages of the contract. This practice
is known as unbalancing the bid. An owner's representative is less con-
cerned about cash flow but must consider the yearly budget requests and
needs of the owner if the tunnel is publicly owned. (Most tunnels are
owned by state and federal agencies). The estimated costs, when to-
taled, will be the basis of the build-no build decision by the owner and
the bid-no bid decision by the contractor. 1In addition, the contractor

must consider other market conditions, including interest costs, minimum
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attractive rate of return, business-mix objectives, key personnel, etc.,
and balance this job against other tunnel jobs or other heavy construc-
tion, each with its own set of potential rewards and penalties.

26. The steps required to manually estimate the cost of tunnel
construction have been outlined. According to personnel in large tunnel !

construction firms, the average time required to prepare a detailed tun-

nel estimate is three weeks and ranges from two weeks to two months.

Unit cost method

27. The unit cost method of estimating tunnel costs is a well-
accepted simple technique for making preliminary or planning estimates.
It relies on historical records of similar jobs. Basically, the esti-
mator prepares quantity takeoffs for the tunnel and determines the unit
cost of each item by comparison with other similar tunnels. These costs

may or may not be adjusted for inflation, regional differences, etc.

The sum of the unit cost times the quantities of each item yields the
tunnel cost. Obviously, this simplified method may not reflect the ac-
tual cost for several reasons: (a) differences in locations, construc-
tion methods, special site conditions, etc., are not accounted for and
may not be recognized; (b) if unit cost data are developed from the

three lowest bids, as is often the case, the common practice of unbal-

ancing bids will distort the unit costs. However, the total cost may

not be affected much because an unbalanced bid is just a redistribution

of the total cost to improve cash flow in the early stages of a project;

(c) unless adjustments are made for inflation, large errors may result;
(d) bidding climate influences are not accounted for, such as the number
of prospective bidders and number of competing jobs. However, only the
profit margin would be affected, and since profit margin ranges from

about 3 to 20 percent, this omission would not negate the unit cost

i iditnasharii ol

method's usefulness for preliminary estimates or comparison of

i sa_ t

alternatives.

Tunnel cost curves

28. One of the earliest reported developments to improve the re-

liability and reduce the time required for preliminary tunnel estimates

was made by the California Department of Water Resources (1959). Their
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need for reliable preliminary estimates to aid in route selection led to
: the formulation of a family of '"cost curves.'" Case histories were ana-
lyzed to determine the cost impact of all factors involved in tunneling.
They considered four major construction items affecting cost: excava-
tion, support, dewatering, and lining. For each item, a family of cost
curves was developed. Each curve represented a specified geological
classification. The curves were plotted as item cost per foot of tunnel
versus tunnel diameter. This work was done before moles and other tun-
neling advances were widely used. Consequently, the curves were repre-
sentative of costs for conventionally (drill and blast) excavated tun-
nels, using standard steel-set support design (Proctor and White 1946).
Soft ground, cut and cover, and mole excavation were not considered.
Only circular-shaped tunnels were analyzed. The cost-per-foot figures

were lump sum, not subdivided for labor, equipment, and materials, or

profit, contingency, and overhead. Prior to the years of rapid infla-
tion, these curves served their purpose quite well. The estimator sim—
ply entered the family of curves with a known tunnel diameter and esti-
mated the length‘of each representative geological classification, then

found the appropriate cost per foot for his tunnel. The cost per foot

multiplied by the length was the total segment cost. Segment costs were
summed over the tunnel length to produce a total estimated cost of the

3 tunnel. Inflation and advancing technology eventually eroded the reli- i
ability of the curves, but they were a starting point for estimators in
following years.

{ Computer methods

29, The steps involved in preparing a tunnel cost estimate with
the aid of a computer are identical with those required for a manual es~
, timate. The input data must conform to the requirements of the particu- i
lar model being used. Some models have subroutines built into them that
allow crew sizes, advance rates, lining thickness, and ground control
measures to be calculated internally. These internal calculations may
be suppressed by direct input of the required parameters, manually over-
riding the calculated value. Other models require that all information

be input, just as in a manual estimate. Four computer models were
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investigated during this study. One important aspect to remember is
that although computer models unquestionably save time on computations,
the data-gathering phase is not shortened and represents the bulk of the
time required for tunnel estimating. Important features of each of the

four models are discussed in the following paragraphs.

COSTUN ~ A Computer Program for Estimating Costs of Tunneling

30. COSTUN was developed in 1973 by Harza Engineering Company
under contract to the Federal Railroad Administration (FRA), U. S. De~-
partment of Transportation. Complete documentation of this program is
contained in Report No. FRA-ORD&D-74-16 (Wheby and Cikanek 1973). The
report is available through the National Technical Information Service,
Springfield, Virginia 22151. Permission by the FRA to use excerpts
from this report is gratefully acknowledged. The COSTUN program has
been used extensively by Harza in their tunnel work and has seen consid-
erable use by the U. S. Army Engineer Division, New England, on the Park
River Tunnel Project. Its use on this project was reported by Blackey
(1979). EM 1110-2-502 (Dept. of the Army, OCE, 1980), Part II, Chap-
ter 14, presents a method for making rough planning estimates for tunnels.
The cost calculations were based on cost curves for different size tun-
nels and various geologic conditions developed using the COSTUN program.
The method described herein allows the user to develop a more comprehen-
sive and accurate estimate. It must be remembered, however, that the
accuracy of any estimating method depends on the accuracy of the required
input data.

Program philosophy and
general characteristics

31. The documentation report (Wheby and Cikanek 1973) states that
the program's philosophy is to duplicate the thought and reasoning pro-
cesses that take place in the detailed planning, design, quantity take-
offs, and estimate of cost of an actual tunnel and shaft system. To
achieve this goal, construction operations that affect cost were divided

into twelve components:
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Excavation,

Muck loading.
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Muck transporting.

Muck hoisting.

Muck disposal.
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Supports.

Lining.
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Lining formwork.

Grouting.

.

Pumping.

b R b

Air conditioning.

Each of these cost components was subdivided into labor, materials, and
equipment cost subcomponents. Tunnels and shafts are considered sepa-
rately in the program, but a similar division of cost components applies.
The program was intended to have general application; therefore, fixed
values were not assigned to these project dependent components. Rather,
matrices of unit costs were developed for each component and subcompo-
nent over a wide range of tunneling conditions, and equations were fit
to these matrices and programmed. These unit costs were developed by
studying past tunnel jobs, as well as current practices, and assuming
synthetic organizations of men and equipment for various types and sizes

of tunnel-shaft systems. Unit costs were based on 1969 Chicago prices

for labor, equipment, and materials. Therefore, adjustments must be

made for other times and locations. These cost adjustment factors must

be provided by the user (guidelines are given herein) and consist of ad-
justments for labor, materials, equipment, and regional productivity
differences. In addition, contractor's profit and overhead are required
user input. The program does not consider the cost of any aboveground
operations except cut and cover construction. Consequently, the costs
of access roads, foundation underpinning, portal excavation, mitigation
costs for loss of business revenue, traffic detours, right-of-way
acquisition, and utility relocations must be separately calculated and

added to the COSTUN estimate. Likewise, costs of architectural finish,
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lighting, permanent ventilation, long-term pumping, and roadway or track
construction must be separately estimated, where applicable, and added
to the estimate. Since these costs and mobilization and demobilization
costs may be quite significant, COSTUN is not recommended for estimating
small jobs. In addition, COSTUN estimates would be inapplicable to one-
of-a-kind jobs where innovative or unique equipment or techniques were
used, for which there was no precedent when COSTUN was developed. In
its defense, however, manual estimates for these jobs would probably be
only slightly more accurate because they too base advance rates on as-
sumptions from precedents.

32. Factors affecting the cost of a tunnel were grouped into
three broad categories:

a. Site characteristics.

b. Design requirements.

. Construction methods.

fo

The variable factors within each category must be assigned values that
form the input data. Input data for a tunnel-shaft system are stored by
tunnel reach and segment numbers and shaft and segment numbers. A reach
is defined as any number of contiguous segments driven from a single
heading. (The number of reaches is equal to the number of faces worked.)
A segment is defined as a continuous length of tunnel or shaft, within
which all the factors affecting cost must be constant, The user must
decide when the values of a particular factor may be averaged over a
given distance and when a new segment must be created.

33. Design requirements and construction methods change abruptly
when they change at all, so there is no problem in assigning segment lim-
its based on these categories. However, site characteristics are seldom
constant over any appreciable distance. Judgment and experience are
necessary to determine what constitutes significant change in a factor
or factors, requiring establishment of a new segment. A relatively
small change in some factors, such as rock quality designation (RQD),
would necessitate a new segment. Changes in other factors, such as den-
sity, are not so critical, and moderate ranges of density may be aver-

aged within a segment. As part of this study, the impact on estimated
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costs resulting from varying the input values of particular factors was
examined for an expected range of values while holding all other factors
constant. This sensitivity analysis provided insight into which factors
were critical, requiring reliable quantitative determination, and which
factors could be estimated with minimal effects on cost if the estimates
were wrong.

Site characteristic factors

34. Some input factors are not required for certain tunnel types
and excavation methods. Other factors, identified as optional input,
may be input, or the user can allow the computer to calculate the values.
Guidance on selection of parameter values is given in the documentation
report (Wheby and Cikanek 1973). The required factors are as follows:
a. Rock quality designation, RQD (Deere et al. 1969).

b. Rock strength, unconfined compressive strength, psi, of
intact specimen.

o

€. Governing shear strength, psf (the material strength A

that controls its behavior). ;
d. Saturated unit weight of soil or rock, pcf. i
€. Soil angle of internal friction, PHI, undrained. '
£. Soil cohesion, C, psf, undrained. :
g. Equivalent angle of intermal friction, PHIEQ, for mate-

rials characterized by friction and cohesion. ;
h. Effective grain size, DlO’ mm. ‘
i. Groundwater elevation - average elevation of groundwater :

table for each segment.
j. Sound rock elevation - the level below which the mate- g

rial in a cut and cover tunnel can be removed only by

drill and blast methods.

. Segment depth, ft, from average ground surface elevation
to average tunnel elevation. 4

1l. Impervious layer elevation - elevation of clay layer be-
low which ground cannot be dewatered by pumping, or be-
low which ground is sound rock.

m. Permeability, cm/sec, for soft ground and cut and cover
segments.

n. Inflow, gpm, at the working face.
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0. Distance to disposal, miles from exit shaft.
p. Cost of disposal site, dollars per acre.

4. Rock or soil temperature, degrees Fahrenheit.
r. Air temperature, degrees Fahrenheit.

Design requirement factors

35. Required input factors are listed below with options under

the factors. The reader is again referred to the documentation report
for complete descriptions and definitions.

a. Tunnel or shaft type.

(1) Underground heading.
(2) Cut and cover.

b. Shape. ;
(1) Circle. h
(2) Horseshoe. :
(3) Baskethandle (shape similar to horseshoe but with a
height approximately one-half that of same width &
horseshoe) . B
(4) Square. 4
(5) Single~level cut and cover box. '
(6) Double-level cut and cover box. iy
c. Size. a{
(1) Characteristic finished inside dimension. Limiting
tunnel and shaft sizes that may be run on COSTUN are +
minimum 10-ft and maximum 40-ft finished diameters.
(2) Characteristic nominal excavation dimension.
(3) Characteristic nominal excavation dimension plus |
overbreak.
F
d. Slope - tunnel slope up to 26 percent may be run on
COSTUN (There are limits on the use of certain muck
hauling methods for steep slopes; e.g., rail muck cars
cannot be used if the slope is greater than 5 percent.).
e. Hoisting height. 4
f. Reach length, ;
g. Side slope (for cut and cover tunnels). 3
h. Stability number - based on Terzaghi's Tunnelman's

Cround Classification System and stand-up time :
(Terzaghi 1950). :

Construction method factors -

36. Site characteristics and design requirements strongly influ- !

ence the choice of construction methods, but some latitude exists. All




—tm

other things being equal, a contractor will choose methods with which he
is familiar and that allow maximum use of equipment presently owned.
Three of the factors listed below are required user input and three are
optional; if no value is input, COSTUN will calculate them or use a de-
fault value, as explained below.

a. Construction work week - optional. If no value is input
by the user, COSTUN uses a 6-day, 24-~hr/day work week.

b. Soft ground stabilization method - optional. COSTUN
will select the most suitable option for particular
ground conditions if not input by the user.

¢. Excavation method - required input. Options are conven-
tional (drill or blast), mole (tunnel boring machine),
cut and cover, hand excavation, and ripper excavation.
In soft ground, the use of a shield is assumed by COSTUN.
d. Muck transport method - required input. OUptions consid-

ered are conveyor, trucks, rail cars, and combinations
of conveyor and trucks. Limiting slope for the use of
rail cars is *+ 5 percent; if used on steeper slopes,
they must be winched. Trucks cannot be used in com—
pressed air or in tunnels with height less than 16 ft.
Conveyors are permissible in all cases.

e. Advance rate - optional input. If not input by the user,
COSTUN will calculate for each segment based on advance ;
rate equations developed from previous jobs and equip-
ment manufacturer's specifications. Appropriate adjust-
ments are made, based on work hours, productivity loss
during start-up, or when changing methods ot starting a
new segment or reach. Advance rate is one of the most
critical input factors affecting the final cost estimate
and should be considered carefully, whether calculated
by COSTUN or input by the user.

f. Lining and support - required input. Supports are de-
fined as the primary means of ensuring stability of the
excavation. Options include rockbolts, wire mesh and
shotcrete, steel sets and lagging, or segmental liners
made of steel, precast concrete, or cast iron for under- :
ground headings. For cut and cover construction, slurry
walls or soldier piles and lagging may be used. Lining
is the secondary support. Its purpose is to protect the
primary support against deterioration, as well as to en-
hance hydraulic properties in water tunnels, In COSTUN,
the criteria presented by Deere et al. (1969) have bLeen
adopted for support and lining design. If other crite-
ria are used in design, the COSTUN values might not con~
form to actual quantities and costs. FEquations used by
COSTUN in selecting the support and the lining type and
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thickness are detailed in the text. Lining thickness
and type may be input directly by the user, if desired.

37. some factors or operations that may vary in actual tunnel
construction were assumed constant based on accepted practice in 1970.
These factors are discussed in detail in the documentation report and

include:

Method and timing of lining erection.

o o

Selection of specific equipment and production rates.

kel

Range of conditions through which various methods are
applicable.

d. Shaft inflow control methods.
38. The tunnel program philosophy and general structure have
been presented. Actual user instructions for preparing a computer tun-

nel cost estimate using COSTUN are presented in Appendix A.

TCM - Tunnel Cost Model

39. The tunnel cost model (TCM) was developed in 1973 in its
first phase* by researchers in the Civil Engineering Department at
Massachusetts Institute of Technology (MIT) for the National Science -
Foundation's RANN (Research Applied to National Needs) Program. Permis-
sion by Dr. Michael Markow, MIT, to summarize the project's development
is gratefully acknowledged. Complete documentation of the development,
applications, and user instructions is contained in a comprehensive se-
ries of MIT publications.

Program philosophy and
general characteristics ]

40. TCM is a rather large computer program, written in PL/I (IBM
Machine Language I), and is run on an IBM 370/168 at MIT. Reported stor- k
age requirements range to 500K for the largest tunnel modeled. Subrou-
tines accompanying TCM require region sizes up to 600K in which to

compile.

* A more comprehensive version was developed by Moavenzadeh and Markow
(1978). Reported changes and improvements are discussed in this re-
port in the sections in which they apply.
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41. The "Summary Report'" (Moavenzadeh et al. 1974a) states, '"TCM
was developed in an attempt to improve the assessment of uncertainty in

rock tunnel cost estimates."

All tunnel estimators try to assess risk
and uncertainty on a job; their method usually consists of comparing the
current job with similar previous ones, detailed assessment of plans and
specifications, and using their experience and intuition to make subjec-
tive judgments about job risks. The philosophy behind TCM was to pro-
vide a method to quantitatively assess the impact of each item of uncer-
tainty on costs and time. To achieve this goal, the model incorporates
probability and statistics concepts that allow the user to subjectively
specify the degree of confidence he has in each piece of input data.

For example, instead of drawing up one geologic profile with fixed val-
ues of strength, RQD, etc., for each rock unit, the user may supply sev-
eral possible values for each parameter used to describe a particular
rock unit, with corresponding subjective probabilities assigned to each

value. The computer model consists of three main components:

|

. A geological submodel.
b. A tunnel simulator.

€. A construction submodel.

Geological submodel

42. The geological submodel stores input data according to the
tunnel segment and rock unit. Unlike other computer models, more than
one rock unit or type may be assigned to each segment. Tach rock unit
must be assigned a probability of occurrence. Typically, seven param—
eters may be used to describe each rock unit, such as rock type, major
defects, RQD, foliation, gas, water inflow, and compressive strength,

43. Fewer or more parameters may be used as the user sees fit to
describe the rock unit. This flexibility in segment and rock unit de-
scriptions is made possible through the use of "parameter trees,'" as
shown in Figure 1. Typical values, possible states, and construction
consequences are presented in Table 1 for parameters typically used to
form parameter trees.

44, In addition to the probabilistic states assigned to segments,

the physical boundaries of the segments within which these states are
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Figure 1. TCM parameter tree
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valid must be identified in the input data. The process of defining seg-
ment limits and rock units within segments is interdependent. Regard-
less of the number of rock types possible within a segment, the sum of
the probabilities of occurrence of each :nit must be 1.0. For the exam-
ple shown in Figure 1, the probability of encountering shale 1 in seg-
ment 1 is set at 0.2 and the probability of encountering sandstone 1 in
segment 1 is 0.8. In addition, the sum of the probabilities of the
right end nodes of each parameter tree must be 1.0. The extreme right
node probabilities of parameter trees are obtained by cumulative multi-
plication of the probabilities along each continuous branch. For exam-
ple, the probability of encountering shale 1 in segment 1 with no major
defects, medium RQD (30-70 percent), low inflow, and low strength is

given by
P(Shale 1) x P(No Defects) x P(Med RQD) x P(Low Inflow) x P(Low Strength)

which for the example in Figure 1 is
P=20.2 (0.8 x 0,6 x 0.8 x 0.7)
= 0.2 (0.2688) = 0.0538

A new parameter tree must be created for each rock unit within the seg-
ment. In the simplified example shown, only two rock units were consid-
ered within segment 1; the most likely unit was sandstone with a proba-
bility of 0.8 and the least likely (P = 0.2) was shale. Thorough guide-
lines for forming segments and parameter trees are given by Vick (1974),
Moavenzadeh (1974b), and Reynoso (1976). The interested reader is re-
ferred to Benjamin and Cornell (1970) or Blum and Rosenblatt (1972) for
a more comprehensive treatment of probability and statistics for deci-
sion making.

45, New tunnel segments must be created when the user wishes to
change the set of geological states or associated probabilities of the
states. Segments may be independent, partially dependent, or completely
dependent. Complete independence is assigned to segments modeled with-
out consideration of rock types assigned in adjacent segments. Complete
dependence is assigned to segments whose parameter trees are totally de~

pendent on those of adjacent segments. The most general case, partial

26




dependency, is modeled using Markov dependency tables. This case would

be appropriate for modeling the ozcurrence of a fault, for example,

where the user feels that if the fault is encountered in a given segment,

there is an increased (or decreased) likelihood of the fault extending

into the next segment.

The interested reader is referred to Barucha-

Reid (1960) or Stark and Nicholls (1972) for the theoretical development

and applications of Markov processes.

After assimilating the parameter

trees and Markov tables for segment relationships, the geological model

produces and stores a user-specified number of profiles to be used by

the tunnel simulator to produce estimates.

Construction submodel

46. This component calculates unit times and costs of each con-

struction cperation modeled, based on supplied input values of construc-

tion variables.

Major features and functions of the submodel are:

a, Scheduling procedure - to specify the number and loca-

tions of headings and timing of operations at each

heading.

b. Model of construction elements - to describe the excava-
tion, support, dewatering, probe drilling, and lining

cycles and interactions.

c. Construction method specification - to specify the meth-
ods to be used for particular geological conditions and

for each heading worked.

d. Construction parameter specification - to input unit
costs, times, productivity rates, and other related data.

e. Simulation routines - to compute cycle times and costs
for each geological condition considered.

Cycles are calculated for excavation, mucking, muck hauling, muck hoist-

ing, support installation, pumping, grouting, probe drilling, and lining.

Aboveground costs are not considered by the simulation routines. When

modeling multiple headings, construction operations are assumed to be

independent,

This assumption is usually acceptable unless alternating

faces are worked from the same exit shaft or adit.* The model calcu-

lates approximate mobilization time and cost.

It does not consider

*

The latest version of TCM incorporates provisions for modeling alter-

nating headings more realistically.
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permanent pumping, ventilation, architectural finish, c¢v roadways in its
cost simulation routines. The construction submodel does not rely on
data files for unit costs or cycle times for any tunneling operations.
All data must be supplied by the user. The amount of detailed user in-
put is rather large. Much of these data could be assembled only by an
experienced estimator team. Owners or planners would quite likely have
probiems supplying some of the required input, These data are assigned
values for worst case, best case, and expected case. In addition, the
distribution that describes the data may be normal, beta, or uniform.
After all user input has been assimilated, the construction submodel
computes cycle time and costs for each construction operation modeled.

Tunnel simulator

47. The tunnel simulator combines the profiles produced by the

geological submodel with the calculated cycle times and costs for each

geological state and construction method produced by the construction
submodel to calculate the total time and cost required to construct the

tunnel through each of these profiles. The results are plotted in a

o L RETE R

scattergram such as Figure 2. It also produces a series of progress re-

ports showing detailed advance of tunnel operations at different times.

v i

An optional file can be used to store individual simulations (each simu-
lation constitutes one tunnel estimate). The individual results can be
printed out and used in statistical analysis routines to calculate ex-
pected cost, standard deviation, etc.

User instructions

48. As mentioned earlier, TCM is a rather large and complex com-
puter program and requires a computer with large storage capacity. Be-
cause of its size and the fact that it is written in PL/I, it was con-
sidered impractical to adapt it to the WES computer system. The only
installation known to the author that currently has an operating version
is MIT, and TCM is operational on the IBM 370/168 at MIT. Computers
exist within the Corps and with contract vendors that could accommodate
the program. However, to convert the program to Fortran IV, the comput-
er language most familiar to noncomputer specialists, would essentially

require writing a new program patterned after TCM, which probably would
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not be as flexible and comprehensive as the MIT version. The interested
reader can secure a comprehensive user's manual (Reynoso 1975) from MIT,
Therefore, instructions for using TCM are not presented in this report.
Applications

49. The program developers reported the use of TCM to prepare
estimates of several tunnels (Minnot 1974 and Wyatt 1974). Normal prac-
tice was to perform several hundred simulations for each tunnel to cover
all situations. The scattergrams of costs and time were then statisti-
cally analyzed to yield the expected cost and time, worst and best cases,
etc. A detailed comparison of TCM estimates and actual costs was not
presented in the MIT series. However, for the Harold D. Roberts Tunnel
in Colorado, estimated advance rates varied significantly from actual
rates. These differences were attributed to discrepancies between actu-

! al geology and model input describing geology (Wyatt 1974).

T™ - Performance/Cost Tunneling Model

50. The performance/cost tunneling model (TM) was developed by
General Research Corporation for the Advanced Research Projects Agency/
Bureau of Mines program in rock mechanics and rapid excavation. Its de-
: velopment and application are discussed by Pietrzak et al. (1972) and
Hibbard et al. (1971).

General philosophy

51. In general, the program philosophy lies somewhere between
COSTUN and TCM. COSTUN employs empirical equations based on regression
analysis of previous tunnel jobs to determine support requirements, de-
watering requirements, advance rates, etc. (There are provisions for
the user to override the calculated values by supplying parameter values
he thinks are more appropriate). Also, COSTUN employs a fixed geology
model. The TCM program models uncertainty in its geology and construc-
tion submodels. All variable parameters affecting tunnel construction
must be input by the user. In addition, the user must supply subjective

probability of the occurrence of each variable state modeled.
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Geology submodel

52. T employs a user specified geology model (uncertainty is
not accounted for) similar to COSTUN, with the added capability of mod-
eling geology in three dimensions or using familiar 2-D profiles. The
geology model does not consider soil profiles or mixed face. For each
rock stratum, the model generates a file of material properties includ-
ing density, RQD, abrasiveness, unconfined compressive strength, water
inflow, and rock temperature. Parameter values are supplied by the user
for each tunnel segment.

Tunneling submodel

53. The tunneling submodel simulates construction operations and
conditions. The model can simulate various full-face rock excavation
methods, including innovative techniques, but must be supplied with very
detailed input to describe all relevant parameters. Soft ground, cut
and cover, and mixed face cannot be simulated by TM. Likewise, shafts,
portals, adits, and aboveground costs are not considered. Permanent
pumping, roadbed or track, permanent lighting, and other architectural
finish items are also omitted tfrom consideration. Advance rates are
computed using preprogrammed empirical relationships developed from a
study of case histories. Construction progress reports are printed dur-
ing simulation at user-specified time intervals. These status reports
could be valuable aids for monitoring progress and costs and correcting
problems as they occur. Information printed out includes heading posi-
tion, elapsed time, average advance rate, availability, and utilization
factors for each construction operation (excavation, support, dewatering,
etc.).

Cost submodel

54, The cost submodel uses the input unit cost values for labor,
materials, and equipment, the calculated quantities, advance rates, sup-
port requirements, dewatering and air conditioning requirements, etc.,
to calculate and tabulate costs accrued for each tunnel increment (mea-
sured in time, not distance). Profit and overhead, which are input by
the user, are added to the costs. Cost status reports are printed for
the same time intervals as the performance reports, including the cost

and time of the completed tunnel.
31
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Applications

55. The developers of this model report good correlation of cal-
culated and actual values of advance rate, total time of construction,
and cost for the Layout Tunnel. This tunnel, built in 1971-72 as part
of the U. S. Bureau of Reclamation (USBUREC) Strawberry Aqueduct System,
is approximately 3~1/4 miles long and 13 ft in diameter. It was moled
through hard sandstone and conglomerate. The model is well suited for
comparison of alternatives, but its use for detailed estimates is ham-
pered because of the large storage requirements and detailed and exten-

sive input data requirements.

TSC/FMA ~ Transportation Systems Center/Foster Miller Associates Model

56. The Transportation Systems Center/Foster Miller Associates
(TSC/FMA) computer model was developed in 1979 through a cooperative
effort of the Underground Technology Development Corporation and SKNH
Company, under the sponsorship of the Urban Mass Transportation Admin-
istration (UMTA), United States Department of Transportation (USDOT).
Complete documentation of the development and application of the model
is contained in a report by Foster et al. (1979). Copies are available
from the National Technical Information Service, Springfield, Virginia.

General philosophy

57. The program is run on a Wang Model 2200 computer. Data
files are stored on discs. The model consists of two main data bases
and supporting computations. Data Bank 1 contains factors that describe
the amount of effort required to accomplish each unit operation. Data
Bank 2 contains unit costs of labor, equipment, and materials required.
Unit effort data were developed from analysis of 20 soft ground transit
tunnels built in the United States in the last 10 years. The model is
applicable to soft ground transportation tunnels and stations. Base or
reference unit cost data reflect conditions prevailing in Washington,
D.C., in January 1976. Costs for other times or regions may be adjusted

using inflation factors similar to the method used with COSTUN, or the
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actual unit costs may be determined and used in Data Bank 2. Only exca-
vation and lining for soft ground transit tunnels are considered in the
present version, although the developers report that it will be revised
to make it more comprehensive as data on other operations are developed.
Applications

58. The model has been used on three sections of the Washington
Metropolitan Area Transit Authority (WMATA) subway system. Section 1
consisted of 5393 ft of concrete-~lined tunnel driven through moderate
ground requiring some stabilization, an 800- by 75-ft station, and four
vent and fan structures. The section actually analyzed was 2996 ft of
tunnel, excavated by a backhoe digger arm under a shield. The actual
construction costs were $5,837,000. The FMA estimate was $6,345,000, or
8.7 percent above actual cost. For the tunnel only, actual costs were
$4,445,000, and the model estimate was $4,332,000, or 2.5 percent below
actual cost.

59. Section 2, consisting of 8820 ft of tunnel, was driven
through difficult ground and passed beneath several bridge piers and
abutments. Excavation was accomplished by a backhoe digger arm under a

shield. Steel segments served as both primary support and final lining.

The actual project costs were $33,373,000 for those items considered by
the model, which estimated the costs at $31,017,000, or 7.1 percent lower. 1
For tunnel excavation, lining, backfill, and grouting, the actual costs
were $25,721,000, and the model estimate was $24,648,000, or 4.2 percent

lower.

60. Section 3 comprised 8115 ft of concrete-lined tunnel, an 800-
by 75-ft cut-and-cover station, and six vent and fan structures. The
section actually analyzed was 3803 ft long. Excavation was accomplished
with a wheel excavator through good soft ground. Support was provided
by expanded ring beams and wood lagging. The actual cost for the ana-
lyzed section was $6,443,000, and the model estimate was $6,731,000,
or 4.5 percent higher. For tunnel costs only, the actual cost was
$4,603,000, and the model estimate was $5,044,000, or 9.6 percent higher.

61. These results indicate that for its intended applications,

the model provides estimates that are within 10 percent of actual costs,
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provided there are good detinitions of geology, excavation methods, and
support requirements.

User instructions

62. Complete instructions for using the TSC/FMA model are avail-
able from the Transportation Systems Center, Department of Transporta-
tion, Cambridge, Massachusetts. Therefore, instructions are not repeat-

ed in this report.

Comparison of Computer Models, Cost Curves, and Manual Estimates

63. The investigation of the steps involved in estimating tunnel

costs using all the methods described above clearly indicated that there
is no one best method for all purposes. The choice of method must be
based on the end use of the estimate. Detailed manual estimates for fi-
nal design, contract documents, and contractor bids are probably here to
stay. Cost curves or unit cost estimates may be useful for preliminary
estimates and comparison of alternatives. Computer models may be used

to good advantage for preliminary planning estimates, evaluation of al-

~rnatives, checks on manual estimates, and monitoring progress. Table 2 3
presents the relative advantages of the four models investigated during
this project. One of the objectives of the project was to develop or 3
adapt cost-estimating aids that planners not intimately familiar with
tunneling could use. All things considered, COSTUN meets these criteria
better than any of the other models studied. Therefore, it was selected

for in-depth analysis, using collected tunnel case histories.
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PART I11: ANALYSIS OF CASE HISTORIES

64. One of the problems in this study was obtaining case histo-
ries of tunnels with sufficient information tu: (a) allow a meaningful
comparison of the reliability ot manually prepared cost estirmates with
those generated by the computer program COSTUN, (b) allow a meaningful
comparison of estimated and as-built costs, and (c¢) identify the factors
responsible for overruns between estimated and as-built costs. After
much studying and then discarding of several cases where complete docu-
mentation was unavailable, three tunnels were chosen that had good docu-
mentation of geology, design, construction methods, and c¢stimates. The
following paragraphs present brief descriptions of each tunnel, followed
by an analysis of estimated and as-built costs and factors responsible

for the differences between the two.

Nast Tunnel

65. Nast Tunnel was the first tunnel in the United States to be

driven through granite with a boring machine (Larson 1975). Moles were

thought to be unsuitable for hard rock tunnels prior to this job because
of high cutter bit replacement costs. Indeed, on this job cutter bit
costs amounted to over $1,200,000 on a winning bid price of approximate-
ly $6,800,000. Nast Tunnel is a 15,653-ft-long, 10-ft-diam water tunnel
that was designed by the USBUREC and built between 1970 and 1973 in Pit-
kin County, Colorado. On this job contractors were allowed to bhid on a
drill and blast schedule and an alternative mole-driven tunnel option.
Nine bids were received, six on the drill and blast schedule and three
on the mole schedule. The winning contractor bid about the same amount
on both options. The award was made for the schedule using the boring
machine, and a Memorandum of Understanding was executed that permitted
the contractor to change from mole driven to drill and blast at his op-
tion. Approximately 85 percent of the tunnel was moled; 15 percent was

conventionally driven through reaches of poor quality rock.




66. All information used to develop and compare cost estimates
of Nast Tunnel was provided by the USBUREC Engineering and Research Cen-
ter, Denver, Colorado. Their cooperation is gratefully acknowledged.
Table 3 summarizes the cost estimates prepared by the engineer, various
contractors, and the COSTUN computer model. All identifiable costs not
considered by the computer model were subtracted from the total bids so
that a meaningful couwparison could be made. Engineer estimate 1 and con-
tractor bids 1-6 were for the conventional or drill and blast excavation
schedule. Engineer estimate 2 and contractor bids 7-9 were for the mole
excavation schedule. Contractor bids 1 and 7 were submitted by the same
contractor, and the bid price for either option was about the same.
Furthermore, when all schedule items were included, the bid prices were
identical for both options. This contractor was awarded the contract,
although one other bid, No. 8 in Table 3, was apparently lower. How-
ever, when the excluded costs were added back, this bid was higher than
the winning bid. The winning bid was approximately 33 percent higher
than the engineer estimate for either excavation option. The highest
bid was nearly double the engineer estimate. There was a 45 percent
spread between the winning and the highest bid.

67. COSTUN estimates 1-9 were prepared using information avail-
able at bid time. COSTUN estimate 1 represents the estimated construc-
tion cost for the most likely tunneling conditions, using mole excava-
tion when feasible and drill and blast excavation in poor rock zones and
near the inlet and outlet portals. The support and lining types and
amounts used for this estimate were those called for in the plans and
specifications. The total estimated tunnel costs for this run were
$7,089,000, or 5 percent above the winning bid of $6,763,000 and 38 per-
cent above the engineer estimate. COSTUN estimates 2-9 could be called
"what if" estimates, in that the major input factors believed to affect
construction costs were individually examined while holding all other
variables constant at the expected value. Pessimistic and optimistic
values were assigned to each of the major variables for each tunnel seg-
ment and reach. Some of these estimates reflected genuine uncertainty

while others were used to test the sensitivity of costs to changes in a
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3 specific variable. For example, runs 2 and 3 were made to determine the
construction cost impact of varying rock strength. The actual rock
strengths were known within reasonable limits from lab tests and empiri-
cal correlations, but studies have shown that stand-up time, advance
rate, mole cutter bit wear, drill steel life, etc., are at least par-
tially dependent on rock strength, among other things.

68. In run 2, the rock strengths input were 25 percent higher
than expected strengths. For most types of structures, an increase in
strengths is welcomed, but not necessarily for tunnel excavation. High-
er strengths are associated with the harder crystalline rocks that are

more abrasive. The results are higher cutter bit wear, more drill steel

breakage, and overall slower advance rate, leading to increased costs.

For this tunnel, the estimated consequences were nearly $500,000 (6 per-
cent) and 100 working days (10 percent) over the estimate for most like-
ly conditions. Run 3, which used strengths 25 percent lower than expec-

ted, resulted in estimated cost and time savings of $450,000 (6 percent)

i hc b e S S SR

and 102 working days (10 percent) less than the estimate for most likely
conditions.
69. The impact of variation in rock quality was assessed in '

runs 4 and 5. These runs reflected genuine uncertaint - in the expected d

rock joint frequency, joint conditions, and degree of weathering for
which the borehole data were lacking. In fact, change order No. 8,
which provided for additional payment to the contractor of $767,000, was
directly related to the occurrence of a major shear zone approximately
1700 ft long, which had not been detected by surface mapping or borings.

The tunnel boring machine had to be moved back and the heading was ad-

vanced through this reach by the drill and blast method, using closely
spaced heavy steel sets for support. In run 4, pessimistic values of
RQD, approximately 33 percent lower than the expected values, were used.
Estimated construction time increased 22 percent to 1203 days, or
218 days more than the expected time of 985 days. Estimated costs rose
to $8,264,000, or 17 percent above the $7,089,000 expected cost. In
run 5, RQD values 33 percent higher than expected were input. The esti-
mated cost reduction was $718,000 (10 percent), while the time was cut
12 percent to 865 days.
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70. In runs 6 and 7, the cost/time impact of reducing and in-
creasing, respectively, the lining thickness by 30 percent of the design
value was assessed. The specification of lining thickness is of major
importance to the cost of a tunnel. The quantity of concrete that must
be placed obviously increases for conservative (thicker) lining specifi-
cations. Additional cost and time penalties occur because the volume of
rock that must be excavated increases proportionately. The larger the
tunnel diameter and length, the more serious are the consequences. Com-
pounding this problem is the lack of understanding of interaction be-
tween rock load and deférmation and transfer of the load to the lining
and support.

71. For a reduction of 30 percent in lining thickness (run 6),
estimated costs were reduced by $527,000 (7 percent), and construction
time was reduced by 30 days (3 percent) over the length of the tunnel.
This reduction represents a $33/ft saving over the design lining thick-
ness. A 30 percent increase in lining thickness (run 7) resulted in a
7 percent ($484,000) increase in cost and a 2 percent (24 days) increase
in construction time.

72. Computer estimates 8 and 9 were made to study the impact of
rock temperature in the tunnel. As expected, the results of these runs
indicated that for the range of temperatures expected in Nast Tunnel,
there was no effect on cost. 1In deep tunnels with higher temperatures,
the cost of ventilation and air conditioning increases, but for shallow
tunnels, such as Nast, there seems to be no effect.

73. The final cost for Nast Tunnel was $7,473,000, including
change orders for differing site conditions and other unforeseen prob-
lems. This sum excludes those costs not considered by COSTUN, such as
access roads, drainage ditches, the Fryingpan Conduit, and the Granite
Adit portion of the job., GCranite Adit is a 10~-ft-diam, 777-ft-long
tunnel intersecting Nast Tunnel about 4000 ft from the inlet portal.

Its purpose was to convey water from Granite Creek to Nast Tunnel.
During construction, it was used as an exit for muck hauling and dispos-
al for the reaches of tunnel adjacent to it. Fryingpan Conduit is a

1500-ft-long conduit constructed of 7-ft-diam precast concrete pipe,
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connecting Nast Tunnel at the outlet portal to Boustead Tunnel's inlet
portal, which is a diversion tunnel through the Continental Divide.

74, The COSTUN as-built estimate totalled $7,691,000, or 3 per-
cent above the actual cost. The changes made between the COSTUN precon-
struction estimate using most likely conditions and the COSTUN as-built
estimate included the allowance for the 1700-ft shear zone and a smaller
shear zone approximately 300 ft long, both of which caused a change from
mole excavation to the drill and blast method. In addition, one segment
approximately 4000 ft long that ran under a small lake experienced minor
water inflows, but the resulting cost increase was insignificant.

75. Table 4 contains a breakdown of COSTUN estimates 1-9 and the
as-built estimate for labor, equipment, and materials components and the
totals. Also shown is the total time required for construction of the
tunnel for each estimate. Labor was the major cost component for this
job and most tunnels, accounting for two thirds of the total for all
estimates. Equipment and materials were nearly equal, averaging 16 and
17 percent, respectively, of the totals. Foster et al. (1979) indicate
that a breakdown of 40 percent for labor, 40 percent for materials, and
20 percent for equipment is reasonable. Because tunnel jobs vary so

widely in nearly all aspects, no significance should be attached to these

figures for tunnels in general. The engineer estimates and contractor
bids were not itemized for labor, equipment, and materials, so there is
no basis for comparison of COSTUN figures except for the totals shown in
Table 3. These figures show that the COSTUN best estimate of actual con-
ditions was 5 percent above the winning bid. The COSTUN as-built
estimate was 3 percent higher than the actual cost. These figures indi-
cate very good correlation, but they do not give the total picture. The
multitude of factors used to arrive at the estimated totals may or may
not represent actual conditions. For example, the profit and overhead
factors represent a combined 30 percent of the totals in the estimates,
The actual profit and overhead, as well as the figures used in the bid,
are unknown. Therefore, the reader is cautioned that although the over-
all accuracy of the estimates looks good, the accuracy of individual fac-
tors may not have been as good. The self-cancelling nature of random er-

rors in these factors could still result in a balanced total estimate.
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Buckskin Mountains Tunnel

76. Buckskin Mountains Tunnel, a 6.8-mile-long, 22-ft-diam
irrigation tunnel, was designed by USBUREC and built near Parker, Ari-
zona, as part of the Central Arizona Project. Prospective bidders were
allowed to bid on three alternatives: (a) a 19-ft 6-in.-diam, drill and
blast horseshoe-shaped tunnel; (b) a 20-ft-diam, circular-moled tunnel
with cast-in-place concrete lining; and (¢) a 22-ft-diam, circular-moled
tunnel with a precast concrete segmental lining. The award was made for
the 22-ft-diam tunnel, and construction began in 1975. The tunnel was
holed through in May 1979, but final cleanup has not been completed at
the time of this report. A Robbins mole was used for the entire length,
except for approximately 100 ft at each portal excavated by drill and
blast. The tunnel support and lining consist of 6-in.-thick precast
concrete segments, installed just behind the mole. The tunnel was driv-
en through competent andesite, but some blocky conglomerate was encoun-
tered that slowed progress., A $6-million changed conditions claim con-
cerning this blocky zone is still pending and may add to its $60-million
expected total cost.

77. Information used to develop and compare COSTUN estimates for
Buckskin Mountains Tunnel was obtained from three sources: (a) the
USBUREC Engineering and Research Center, Denver, Colorado, provided ge-
ology reports; (b) the U. S. Army Engineer District, Kansas City, loaned
a set of job specifications, including engineer estimates and contractor
bids; and (c) the personnel of the resident engineer's office, USBUREC,
Parker, Arizona, provided other useful information. Table 5 summarizes
the cost estimates prepared by the engineer, various contractors, and
the COSTUN computer model. All identifiable costs not considered by the
computer model were subtracted from the contractor bids and engineer es-
timates for the sake of comparison.

78. Engineer estimate 1, COSTUN estimate 1, and contractor bid 1
were for the 19-ft 6-in,-diam horseshoe-shaped tunnel on the drill and
blast schedule. The engineer estimate for this option was $53,991,000,

as compared with $51,641,000 for the COSTUN estimate and $65,513,000 for
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the lone contractor bid on this option. Engineer estimate 2 ($47,441,000),
COSTUN estimate 2 ($53,841,000), and contractor bid 2 ($71,208,000)

were for the 20-ft-diam moled tunnel option with cast-in-place concrete
lining. Both of the above options show a rather wide spread (27 and

50 percent, respectively), although the engineer and COSTUN estimates

are within 5 and 13 percent of each other.

79. Engineer estimate 3, contractor bids 3-5, and COSTUN
estimates 3-9 are for the 22-ft-diam moled tunnel with precast concrete
segmental lining. COSTUN estimate 3 of $59,959,000 represents the esti-
mated cost for the most likely conditions known at bid time, which is
; 27 percent higher than the engineer estimate of $47,257,000 and 33 per-
cent higher than the winning contractor bid of $44,940,000. The highest
bid of $63,493,000 was 41 percent higher than the winning bid, 34 per-
cent higher than the engineer estimate, and 6 percent higher than the
COSTUN estimate. The winning bid was 5 percent lower than the engineer
estimate. At first glance, the COSTUN estimate seems to be far too high.
However, the as-built cost of the tunnel was reported as approximately

$60 million, which lends more credence to the COSTUN estimate.

80. COSTUN estimates 4-9 were used to check the cost impact of
varying input parameters, one at a time, over a range of values. For an
increase of 15 percent over the most likely RQD values (COSTUN estimate 4),
the estimated cost was reduced to $52,287,000, or 13 percent below the
estimate for most likely conditions. A 15 percent decrease in RQD val-
ues in COSTUN estimate 5 produced an expected cost of $75,130,000, or
25 percent higher than the $59,959,000 expected cost for most likely
conditions. In COSTUN estimates 6 and 7, the unconfined compressive
(UC) strengths were increased and decreased 25 percent, respectively,
from the most likely values. The resulting costs were $72,054,000 for a
25 percent increase in UC strengths (20 percent above the $59,959,000
for most likely conditions) and $49,581,000 for a 25 percent decrease in
UC strengths (17 percent below the expected cost for most likely condi-
tions). The lining thickness was increased 33 percent in COSTUN estimate 8
over the actual lining thickness used in construction (6 in.) and was in-

creased to 10 in. (67 percent) in COSTUN estimate 9. These runs produced
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estimates of $61,373,000, or 2.4 percent above the total cost for the
actual lining thickness used, and $62,826,000, or 4.8 percent higher,
respectively. The increase in cost per linear foot of tunnel over the
actual lining thickness amounted to $39 and $41, respectively, on a base
cost of $1670/ft.

8l1. The as-built cost of Buckskin Mountains Tunnel was reported
as $60 million in round figures. The COSTUN estimate representing con-
ditions known at the end c¢f construction totalled $61,474,000, or
2.5 percent above the actual cost. However, as mentioned earlier, a
$6-million claim for changed conditions is pending and may add to the
total cost. Even if the entire $6 million is awarded to the contractor,
the COSTUN estimate would be only 7 percent below total cost. Thus, the
COSTUN as-built estimate falls within the range of accuracy of -7 to
+2.5 percent. Again, although the overall accuracy of the total cost
figures looks good, the accuracy of individual components may not be as
good. For example, the engineer estimate for excavation in the tunnel
was $29,589,840, while the COSTUN estimate for this work was $38,495,000,
or 30 percent higher. This difference is consistent with the overall
spread between the engineer and the COSTUN estimate of 27 percent, cited
earlier. However, the engineer estimate for furnishing and installing
the segmental lining was $16,972,000, while the COSTUN estimate was
$17,267,445, or 1.7 percent higher. These component costs compare fa-
vorably, but the 27 percent spread between the estimated totals is not
reflected. Obviously, the difference had to be greater among the re-
maining component costs in order for the total 27 percent difference to
be achieved.

82. Table 6 presents the breakdown of estimated costs for labor,
equipment, and materials and the estimated time for construction of the
tunnel for COSTUN estimates 1-9 and the COSTUN as-built estimate. The
average cost of labor amounted to 60 percent of the total, while the
equipment accounted for 22 percent and materials accounted for the re-
maining 18 percent for the 10 estimates.

83. The estimated time required to complete the tunnel ranged

from 2475 to 4095 days for the three options under most likely conditions.
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These figures contrast sharply with the allotted contract time of

1800 days, which the contractor met. The reasons for this discrepancy
in estimated times could not be determined. Again, this case shows that
even when the estimated totals agree closely, there can still be large
differences in some factors or components. It is interesting to note
that the least expensive alternative according to the COSTUN estimates
was the 19-ft 6-in.-diam, horseshoe-shaped drill and blast option at
$51,641,000, while the 20-ft-diam, circular-moled tunnel was second at
$53,841,000 and the 22-ft-diam moled tunnel was the most expensive at
$59,959,000. The engineer estimates are exactly reversed, with the
22-ft-diam tunnel the least expensive and the 19-ft 6-in.-diam tunnel

the most expensive tunnel option.

Park River Tunnel

84. Park River Tunnel is a 22-ft-finished-diam, 9095-ft-long
Corps of Engineers tunnel, that is located approximately 150 ft below
street level in Hartford, Connecticut, and was designed to convey flood
flows of the Park River to the Connecticut River. It passes through
sandstone and shale, most of which is of good quality. One shear zone
approximately 270 ft long was encountered, as predicted by exploratory
borings. Prospective bidders were allowed to bid three alternatives for
driving the tunnel: drill and blast excavation with a cast-in-place
concrete lining, mole excavation with cast-in-place concrete lining, and
mole excavation with a precast segmental ‘crete lining. The award was
made for the mole-driven tunnel with precast segmental concrete lining.
Construction began in 1977, and the tunnel was holed through in July
1980. Approximately 150 ft near the outlet portal was excavated by
drill and blast for a staging area for the mole, as well as approximate-
ly 270 ft of shear zone.

85. Information used to develop and compare COSTUN estimates for
Park River Tunnel was furnished by personnel of the U. S. Army Engineer
Division, New England. Table 7 summarizes the cost estimates and bids.

Table 8 presents a breakdown o” the various COSTUN estimates for labor,
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equipment, materials, and time required to build the tunnel. In addi-
tion to the data used for comparison on the two tunnels previously dis-
cussed, the estimated costs are also displayed for the two shafts asso-
ciated with this project (Table 7). As with the other tunnels, all
identifiable costs not considered by the COSTUN model were subtracted
from the engineer estimates and contractor bids for a meaningful
comparison.

86. Engineer estimate 1, contractor bid 1, and COSTUN estimate 10
are for the drill and blast option. The engineer estimate for tunnel
construction was $20,916,000, as compared with the contractor bid of
$24,885,000 and the COSTUN estimate of $19,476,000. For the inlet
shaft, the engineer estimate was $770,000, the COSTUN estimate $1,971,000,

and the contractor bid $1,800,000; for the outlet shaft, the engineer
estimate was $1,100,000, the COSTUN estimate $1,981,000, and the con-
tractor bid $3,000,000. The total project was estimated to cost
$22,786,000 by the engineer, $23,428,000 by the COSTUN model, and
$29,685,000 by the contractor (a spread of 30 percent).

87. Engineer estimate 2, contractor bid 2, and COSTUN estimate 11
are for the mole excavation schedule with cast-in-place lining. The en-

gineer estimates and COSTUN estimates for the inlet and outlet shafts

were unchanged, while the contractor bids were $3,500,000 for the inlet

and $3,000,000 for the outlet shaft. The tunnel construction was esti~
mated at $17,977,000 by the engineer, and $16,785,000 by COSTUN, as com—
pared with the contractor bid of $14,096,000. Since the contractor bids
for the shafts were much higher than either estimate and the bid for
tunnel construction was much lower, this imbalance might have been a
strategy to increase early cash flow. The estimates and bids for the
total project were $19,847,000 by the engineer, $20,737,000 by the
COSTUN model, and $20,596,000 by the contractor (a spread of just
4.5 percent).

88. The contractor awarded the job on the mole excavation sched-
ule with precast lining bid $17,329,000 on the project (contractor bid 3).
The bid was 3.7 percent lower than engineer estimate 3 of $17,993,000 and
5.8 percent lower than COSTUN estimate 1 of $18,405,000. Again, the
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contractor bids for tunnel, inlet, and outlet shafts appear to be unbal-
anced. For the outlet shaft, from which tunnel excavation proceeded,
the contractor bid was $4,000,000, while the engineer and COSTUN esti-
mates were $1,100,000 and $1,981,000, respectively. This trend is ap-
parent in every contractor bid on the project, so a comparison of the
shafts and tunnel items separately is not meaningful. Only the total
project estimates are compared. The next lowest bid of $17,360,000 was

3.5 percent lower than the engineer estimate. The highest bid of

$50,310,000 was 280 pircent of the engineer estimate. The bid spread
was nearly $33,000,000, almost double the winning bid.
89. COSTUN estimates 2-9 were made to test the cost impact of

i

varying rock properties and design lining thicknesses in the tunnel.
Shaft properties and costs were held constant. In runs 2 and 3, the RQD
values were increased 15 and 30 percent, respectively, over the most
likely values. For the 15 percent increase in RQD, the estimated cost
of the tunnel decreased to $13,555,000, or 6.2 percent lower than the
$14,453,000 expected cost. The 30 percent increase in RQD resulted in a
calculated 9.7 percent reduction to $13,055,000. Estimated time savings

were 34 days (5.6 percent) in run 2 and 53 days (8.7 percent) in run 3.

RQD values were decreased in runs 4 and 5 by 15 percent and 30 percent,

respectively. The resulting increases in costs were 9.7 percent to ;

$15,851,000 for the 15 percent decrease in RQD and 34.3 percent to

$19,406,000 for the 30 percent decrease. Estimated time penalties were

53 days (8.7 percent) in run 4 and 186 days (30.4 percent) in run 5. In

runs 6 and 7, the UC strengths were increased and decreased by 15 percent,

respectively. Run 6 produced an estimated cost of $15,543,000, or

7.5 percent higher than the expected cost, while the 15 nercent decrease

in UC strengths in run 7 resulted in a 7.5 percent decrease in cost to

$13,360,000. The estimated time penalty for the 15 percent increase in

] UC strengths was 40 days (6.5 percent) in run 6, and the estimated time

savings attributed to a 15 percent reduction in UC strengths was 39 days 1

(6.4 percent) in run 7. '
90. Runs 8 and 9 were made to assess the cost impact of in-

creasing the thickness of the precast concrete segments from 9 to 12 in.
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in run 8 and to 15 in. in run 9, amounting to increases of 33 percent and
67 percent, respectively, over the design value of 9 in. The cost pen-
alty was $650,000, or 4.5 percent, for the 12-in. liner and $1, 390,000,
or 9.6 percent, for the 15-in. liner. The time penalties were 7 days in
run 8 (1 percent) and 13 days (2 percent) in run 9 over the expected time
of 611 days for the design lining thickness.

91. The COSTUN as-built estimate is identical with the estimate
for most likely conditions known at bid time. There were no big sur~
prises in constructing this tunnel, except for some difficulties encoun-
tered during construction of the outlet shaft. Because the tunnel has
only recently been completed, final as-built costs were not available
but are expected to be around $23,000,000. If this estimate is correct,
the COSTUN and engineer estimates are 20 and 22 percent, respectively,
below the final costs.

92. Table 8 presents a breakdown of COSTUN estimates for labor,
equipment, materials, and time required to build Park River Tunnel.
Labor costs accounted for approximately 65 percent, equipment 19 per-

cent, and materials 16 percent of the estimated total cost.
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PART IV: SUMMARY AND CONCLUSIONS

92. The two basic methods for preparing tunnel estimates are:
(a) a simulation of actual construction operations in which amounts and
types of equipment and materials needed are estimated, crew productivity
rates are estimated, the rates of material and labor usage and tunnel

advance are set down, and a total estimated cost is computed; and (b) a

comparison with similar tunnels in which the unit costs of major con-
struction components, such as excavation, muck hauling, support and lin-
ing, and pumping are determined and applied, with or without adjustments
for inflation and other factors to the present tunnel, for which the
quantities of each component have been computed. Either of these meth-
ods may be performed manually or with a computer. The first approach,
actual simulation, is more difficult, time-consuming, and accurate. The
second approach, the unit cost method, is much easier to use and gives
fair results, especially for preliminary estimates or comparison of
alternatives.

93. Over the past decade, several computer models have been de-
veloped for estimating tunnel costs. The USDOT has provided the primary
support for these efforts, and consequently, most of the models were de-
veloped for transportation tunnels (railroad, motor vehicle, and rapid
transit).

94. Of the four computer models investigated, COSTUN satisfied
more completely program objectives for a flexible, easy to use model
that can be used by persons lacking an extensive background in tunneling
and cost estimating. It has a wide range of applications, including
rock, soft ground, and cut-and-cover tunnels, and considers various com
binations of conditions and tunnel-driving methods. It also has several
well-recognized shortcomingss e.g., aboveground costs are not considered,
risk and uncertainty are not treated explicitly, cost equations are based
on average costs for tunnels in Chicago in 1969, and method and equipment
selection is based on standard practice (circa 1970).

95. Manual estimates and bid preparation will continue as the

"tried and true" method for making final estimates. Computer models are
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best suited for preliminary estimates, evaluation of alternatives, and
checks on manual estimates.

96. The COSTUN model was evaluated using three completed tunnels
for which good documentation of geology, construction methods, design,
and cost data were available. All three tunnels were driven through
rock, and consequentiy, the model's reliability for estimating costs of
soft ground and cut-and-cover tunnels was not verified. For two of the
three rock tunnels, COSTUN estimates were within 6 percent of the win-
ning contractor bids and within 7 percent of the actual costs. These
figures indicate very good overall accuracy of the model for rock tunnels,
However, the accuracy of individual component costs estimated by COSTUN
may vary over a wider range. It is difficult to test the validity of

these component estimates for two reasons:

P ¥ ~2

a. Contractor bids are often unbalanced to improve early

~  cash flow. Therefore, construction costs may be over-
estimated for components used during the early stages of 1
the project and underestimated for components used dur-
ing latter stages.

b. Final, as-built costs are usually reported as a lump sum
or with only limited itemization, precluding an item by
item comparison.

97. For the three tunnels studied, a variation in rock UC
strengths of + 25 percent resulted in estimated cost savings of 6 to
17 percent for a 25 percent reduction in strengths and estimated cost 3
increases of 6 to 20 percent for a 25 percent increase in strengths.

The cost impact from a variation in strengths probably depends on the

expected strengths more than any other factor. For example, if very low
strengths were expected, an increase in strengths might result in a de-
crease in costs; however, for the tunnels studied, which were built in 4
rock with moderate to high expected strengths, the reverse was true.

98. The estimated cost impact of varying RQD over a + 33 percent ]

range was a 17 to 24 percent increase in cost for a 33 percent decrease

in RQD and about a 10 percent decrease in cost for a 33 percent increase 1
in RQD., Again the cost impact probably depends on the expected RQD val-

ues more than any other factor. For example, if the expected RQD values

were low, a 33 percent decrease might make tunnel excavation much more

48




expensive than the impact of a 33 percent reduction in high RQD values
for another tunnel.

99. The savings that can be achieved through less conservative
lining thickness can be quite significant. For example, 3 in. added to
the precast concrete segments specified for the 22-ft-diam Park River
Tunnel would have added an estimated $650,000 to the cost, or about

$72/ft of tunnel. Similar effects were observed in estimates for the

other two tunnels, though to a proportionally lesser scale in the 10-ft-
diam Nast Tunnel.

100. 1In slopes and foundations, back analyses can provide knowl-
edge of the actual strengths at failure and yield valuable data for fu-
ture designs, However, with tunnels there is little historical perspec-

tive for altering design methods. Tunnel failures are rare; many have

been in service for over 100 years. We know what has been successful in
the past, but we do not know how conservative our empirical designs are.
Much research has been and is being directed toward this problem. Tun- *J
nel experts generally admit that currently available analytical methods
outstrip our ability to provide reliable input values for the variables

needed for solution. Hopefully, this continued effort will lead to bet- “

ter understanding and more economical designs for support and lining.
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Table 1

Explanation of Typical Geological Parameters

Used to Form Parameter Trees

(TCM)

Item
1. Rock Type
2. Major Defects

Jointing, RQD

Foliation

Gas

Water Inflow

Compressive Strength

Explanation

Left end node. One parameter tree must
be created for each geological unit or
rock type to be modeled. Rock type or
lithology is used mainly to categorize
engineering properties of materials.
Main effect on tunneling is rate of
drill bit or cutter wear associated with
different rock types.

First branch of parameter tree. De-
scribes faults (RQD = 0 by definition),
clay seams, or for limestone and dolo-
mites, solution cavities.

Second branch of parameter tree. Ex-
pressed as high (70-100), medium (30-70),
or low (0-30) to describe relative con-
dition of rock. Helps in prediction of
tunnel support requirements.

Third branch of tree. Used for metamor-
phic units. When used for sedimentary
rocks, refers to bedding.

Fourth branch of tree. Probabilities
assigned to existence or nonexistence of
gas. No quantitative estimate is made.

Fifth branch of tree. Probabilities as-
signed to high and low inflow; no numer-
ical values assigned to inflow rate.

May be dependent on jointing and defects
to some extent.

Sixth branch of tree. Probabilities of
strength being very high (>32000 psi),
high (16000-32000 psi), medium (8000-
16000), or low (0-8000) are assigned.
Used to assist evaluation of bit and
cutter wear, advance rates, blast
weights and spacings, and support
requirements.




Table 2

Compsrison ot Cumputer Models

Uperation:

Philosaphy:

WEpot:

Advantayes’

Disadvantages:

16 o 40ty

-Rock, sott ground, cut and
cover

~Excavation by mote, drill and
blast, shield w/ripper, mole,
or hand except in solt ground

-Fortran 1V, Honeywell GE63S,
Univec/i08

-Preprugrammed standard desigas
keyed to geolugical input date
for support, lining, dewater-
ing, ventilation, etc.
-Advance rate, other calcule~
t10as based on empirical
equations
-Computed values may be over~
ridden by user-supplied values
for sgvance rate, liatag
thickne stabilization
wethods, etc.
~Uses fized, u
profile
-Hos! representative of modsls
studied to actual estimating
procedures used in induatry
by owners 4nd engineers
~User need nat be tunnel expert
~Profit, overhesd, edjustments
for inflation of costs sre
input by user
-Considers any geology
-Alternstives can be evaluated
~Cost sdjustment factors used
tor labor, materisls, equip-
ment, and tegionsl productiv-
1ty differences

T-input geology

-Calculsted tunne! and shaft
data cost and time summsries

~Rather simplistic parasetric
relationships between geology
and support design

~Based on static techoology/
costs

~Aboveground costs not
considered

~No tr~stment of uncertainty
~Unasuitable for swall projects

~Any excavation method

-PL/1, 18M Machine lLanguage I,
Iam 370/168

-Probabilistic geology model.
User defines paraseters to
describe each rock unit, with
associated probabilities of
occurrence

~All factors affecting tuonel
cOnstruUction gust be input by

user. Requirgs very detatled
input. Hode)l has no design
capability

-Breaks costs down to cycle
level of operations
-Tunnel sisulator models uncer-
tainty in construction
operatioas
~Very flexible hut requivas
user with extensive background
in tunneling, timating, and
statisticsl modeling
-Contingency costs not
coneidered. Modeling of un-
certsinty replaces it
~Statistical tnferences of best
case, wOTSt case, and expected
cost and time, standard devia-
tion, etc., car be tly made

~Progress reports of resource
used versus tise and progress
-Scattergram of cost versue
time. Each plotted potnt
Tepreaents one tunnel estimate
~Optiossl cost/time summari.
for user-selected profiles

-Very detatled tnput data
Tequirements

~Very large storage and com-
puter time requirements
-User wmust have in-depth
knoviedge of tunneling, esti-
matin probability, and
statistics

~Aboveground costs nut
considered

-Validity of subjective prob-
ability subject to question
~Results dffficult to interpret

-Only the teasonableness, rather
than the accuvacy, nf solutions

can be checked. User sust
thoroughly verify input data

vr dr1ll and blast

~User iaput fized 2-D or }-D
geology ftle

~Very detailed 1oput tur con-
struction sethod, equipment,
crew, etc.

-Advance rate celculated by

and costs of all
construction inputs calculat-
#d on per foot basis; user
supplies unit cost of mate-
tials, labor. snd equipment

-Prog reports and cost
teports at user-epecified tiee
intervals, including time and
cost of cowpleted tunnel

~Very detailed tnput
requirements

~User sust have in-depth
knoviedge of tunnel estimating
-Aboveground coats not
coneidered

-Limited applications. Soft
grouad, cut and cover, heading
and bench, erc., not considered

COSTUN Yo ™ IRV S
Applications: -Tunnels and shatts -Tunneis, shafy,, sdtte, ~Tunnels oaly -Sutt ground only
-Citculer, horseshoe, basket- caverns ~Any shape, stze ~Teans it tunneis and
handle, or cut-and-cover box ~Any shape, size ~kock only etativne
Finished cross sections trom -Rock only -bull-face excavation by wole -kacavation and lintar anly

~wang 2200, data atorage
on discs

-Progras consists of 2 sein
data bases
ank | describes
uales of effort required
for each comstruction op-
eration modeled

-Data Bank 2 18 & unit cost
based on Washington,
. coste toy 1978
-Late Banks were beved on
analysys of 20 tunnclas
bullt in United states 1n
last 10 years

-Adjuntments may be made to
Data Banka for inflation,
regional ¢.fferences, etc.
-User input incjudes geow-
etry, geology. locstion,
time, selection of con-
struction method, support
and lintng method and
type, muck resoval method,
work week, number of bid-
ders and site preparation
Tequirements

-Liat of 1nput data, and
detailed cost end time
susiaries for modeled con-
struction cperations and
direct, indirect, and
totel project costs
~Heviaions are planned to
teke account of leyal
costs, financing, environ-
sental 1ssues, change or-~
ders, insurance, mitiga-
cion caosts, elc., as well
4% wore comprehensive
treatment of tunnel con-
struction operations and
conditions

~limited application. Con-
siders only soft ground
tutnels and stations. Can
be used to advantage for
comparison of alternatives




Table 3

Nast Tunnel Cost Estimates

Owner: USBUREC

Built: 1970-1973

Length: Design length - 15,653 ft; as-built length - 15,740 ft.
Diameter: Finished - 10 ft

Shape: Circular and horseshoe

General geology: Competent granite, porphyry, some crushed zones

Construction Estimates

Total Cost
Estimate No. millions $§ Cost, $/ft Comments
Engineer 1 5.103 326 1. Engineer estimate 1 and Con-
Contractor 1 6.814 435 tractor bids 1-6 are for the
Contractor 2 7.238 462 drill and blast excavation
Contractor 3 8.156 521 schedule
Contractor 4 7.983 510 2. Engineer estimate 2 and Con-
Contractor 5 8.355 534 tractor bids 7-9 are for the
Contractor 6 8§.381 535 mole excavation schedule
Contractor 7 6.763 432 3. COSTUN estimates are for
Contractor 8 6.568 420 mole excavation in good qual-
Contractor 9 9.904 633 ity rock and conventional ex-
Engineer 2 5.134 328 cavation in poor quality rock
COSTUN 1 7.089 453 4, In all estimates, costs not
COSTUN 2 7.535 481 considered by COSTUN have
COSTUN 3 6.640 424 been subtracted from the man-
COSTUN 4 8.264 528 ual estimates for sake of
COSTUN 5 6.371 407 comparison
COSTUN 6 6.562 419 5. Contractor bids 1 and 7 are
COSTUN 7 7.573 484 from same company, drill and
COSTUN 8 7.089 453 blast and mole sctedules,
COSTUN 9 7.089 453 respectively. This company
As-built Cost 7.473 477 was awarded contract with
COSTUN (As-built) 7.691 491 option of using either exca-

vation method as necessary

6. COSTUN estimate 1 represents
estimated costs for most
likely conditions. COSTUN
estimates 2-7 are for possi-
ble variations in conditions
encountered, or for sensi-
tivity analysis

7. As-built costs include costs
of relevant change orders

8. COSTUN as-built estimate in-
cludes costs of 87 ft of
additional tunneling, which
resulted from improper align-
ment of mole




Table 4

Nast Tunnel COSTUN Estimates

Total
Turnel Cost, millions $ Constr.
Description Labor Equipment Materials Total Time, days
COSTUN 1 4.738 1.118 1.233 7.089 985

Best estimate of ex-
pected conditions

CGSTUN 2 5.094 1.165 1.276 7.535 1084
Input rock strengths

25% higher than ex~

pected strengths

COSTUN 3 4,385 1.059 1.196 6.640 883
Input rock strengths

257 lower than ex-

pected strengths

COSTUN 4 5.609 1.279 1.376 8.264 1203
Input RQD 337% lower
than expected RQD

COSTUN 5 4,260 0.986 1.125 6.371 865
Input RQD 33% higher ‘
than expected RQD [

COSTUN 6 4,546 1.041 0.975 6.562 955
Reduced lining thick-~

ness from 18.5" to 12"

in segs. 1, 4, 9, 11,

12 and from 14" to

10" in segs. 3, 5, 6,

7, 8, 13 (29 to 33%

decrease)

COSTUN 7 4,913 1.168 1.492 7.573 1009
Increased lining

thickness from 18.5"

to 24" in segs. 1, 4,

9, 11, 12 and from

14" to 18" in segs.

3, 5, 6, 7, 8, 10,

13 (297% increase)

COSTUN 8 4,738 1.118 1.233 7.089 985

Decreased rock temp

COSTUN 9 4,738 1.118 1.233 7.089 985

Increased rock temp

As-built Cost NA NA NA 7.474 1123%
COSTUN (As-built) 5.252 1.129 1.310 7.691 1079

* The number of days required for construction of the tunnel, Granite
Adit, Fryingpan Conduit, and other items. No breakdown was available
for the tinnel or for the number of crews working simultaneously.
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APPENDIX A: USER'S GUIDE FOR PROCRAM COSTUN

Introduction

1. Documentation for the computer program COSTUN for estimating
tunnel costs is presented in this appendix and includes the introduction,
input data, program execution and printer output, and program listing.

2. COSTUN is available in batch mode on the WES Honeywell GE635
computer. It has been run on a Univac 1108 at the New England Division
(NED) Corps Office. The program is too large for the WES Tymeshare
System. The mainline program COSTUN reads the project title, profit and
overhead margins, and beginning project stationing. After these data
are read, a series of calls to the various subroutines is initiated.

The first subroutine called is INPUT, which reads the general project
information, elevations of nodal points, and specific values of all in-
put data for each tunnel segment, tunnel reach, shaft segment, and shaft.
The computer performs an extensive check of all input data, and error
statements are printed out for mistakes or incompatible data. If errors
are encountered that would result in inaccurate solutions, a "Fatal Er-

ror'" message is printed. Less serious errors are indicated by "Warning"

messages. The next subroutine called by the mainline program is SFTSET,

which calculates shaft geometry. LENGTH is then called to calculate
shaft lengths, hoisting heights, tunnel slopes, and lengths. After these
calculations have been made, the input data are printed out by subroutine
INOUT under headings "Tunnel Input Data'" and "Shaft Input Data." Sub-
sequent subroutines calculate excavated dimensions, spoil quantities,

advance rates, pumping heights and quantities, and a host of other fac-

tors necessary for a complete estimate. These subroutines and their
functions are listed and described by comment cards in the program list-

ing and in the documentation report.

Al

N e




Ingut Data

3. Input data must be entered on the file cards, with all data
right-justified within formats. The job control cards are placed at the
front of the deck and then followed by:

Item 1. Title cards. All 10 must be included, even if blank.
Any alphanumeric data may be entered in columns 1-64.

Item 2. Printout options (one card). Enter code O or leave blank
to print all input data, 1 in column 1 to suppress nodal
points, 1 in column 2 to suppress tunnel input data, 1 in
column 3 to suppress shaft input data, 1 in column 4 to
suppress calculated tunnel data, 1 in column 5 to sup-
press calculated shaft data, 1 in column 6 to suppress
tunnel segment and reach costs, 1 in column 7 to suppress
shaft segment and shaft costs, 1 in column 8 to suppress
tunnel reach cost summary, and 1 in column 9 to suppress
shaft cost summary.

Item 3. Profit and overhead margins and beginning of project sta-
tioning (one card). Columns 1-10 contain profit margin
in percent, columns 11-20 overhead margin in percent, and
columns 21-30 beginning project stationing, any positive
or negative number between + 10,000. As an example, en-
ter 4059.6; not 40 + 59.6.

Item 4. Nodal point elevations. Use one card per nodal point.
Place nodal point number in columns 2-5. Place nodal
point elevations in columns 11-20. Nodal points are
used to designate the ground surface elevation at each
, shaft or portal and the ends of shaft and tunnel seg-
‘ ments. Tunnel segment elevations should be referenced
’ to center-line elevations and to ground surface for cut
and cover.

Item 5. Data separator (one card). Enter 999999 in columns 1-6.

Item 6., Tunnel segment data. Include one card per segment.
Data for soft ground and cut-and-cover segments are con-
tinued on a second card. Columns 1-4 contain the seg-
ment number; the sequence of cards must correspond to
the sequence of segments within a reach. The left nodal
point number is placed in columns 5-8, right nodal point
number in columns 9-12, and the horizontal length of the
segment, in feet, in columns 13-20. Columns 21-24
contain the tunnel reach number. The UC strength of in-
tact rock, in pounds per square inch (psi), is entered
in columns 25-31 for rock segments only. RQD is entered
in columns 32-36 in percent, with any positive number
between 25 and 100, for rock or cut-and-cover segments.
For cut-and-cover segments, RQD refers to material below

A2

ks e he et e B i A1, Sodv. b




TeoTTTTTY TRT T T T T s T e o

W

v

sound rock elevation (see columns 55-60 on continuation
card). ‘"xcavation method is coded in column 39. Enter
code 1 for cenventional (drill and blast), 2 for moled
rock, 3 for moled soft ground, 4 for soft ground hand
excavation, 5 for soft ground ripper excavation, 6 for
cut and cover with vertical sidewalls, and 7 for cut and
cover with sloping sidewalls. The uniform advance rate
is entered in feet per day in columns 40-44. If left
blank, COSTUN will calculate the value.

The data base used to form the program's advance rate equations is rather
prog q

small for moled rock tunnels and moled shafts. Therefore, the user

should examine advance rates calculated by COSTUN for these methods to
see if they appear reasonable. The uniform advance rate, whether calcu-
lated by COSTUN or input by the user, is the advance rate that would be
achieved if the segment were sufficiently long to permit work crews and
equipment to reach peak efficiency. However, much time is lost during
project start-up, when switching to new headings, or when changing exca-
vation methods. Thus, the average advance rate is always less than the
computed uniform advance rate. The average advance rate, on which costs 4
are based, is computed internally by COSTUN by making adjustments to the
uniform advance rate, as described previously. Water inflow is coded in
gallons per minute in columns 45-51 and refers to inflow at the working
face. Lining type is entered in column 54 with code O for unlined seg-
ment, 1 for cast-in-place concrete lining, 2 for shotcrete lining, 3 for
precast concrete cut-and-cover box, and 4 for precast concrete segmental
lining.

4. The option for precast concrete segmental lining was not in-
cluded in the original COSTUN program. This subroutine was developed by

NED personnel, based on limited experience, and should be used with cau-

tion. Adjustments to the cost base for this option are anticipated as
experience is gained. This option requires that a lining thickness be
input in columns 55-60 and the specified shape be circular with a water-
tight lining and mole excavation.

5. The user must ensure that the data discussed previously for
precast segments are input, or the output will be erroneous. An error

message is not printed out for erroneous input on the precast segment
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option. Acceptable conditions for other specified lining types, such as

the unlined segment (code 0), are: (a) in rock segments if watertight
lining is not required (columns 73~75), and (b, in soft ground segments
provided the support type on the continuation card (columns 52-54) is
code 1, 2, or 3 for cast iron segments, precast concrete segments, or
steel segments, respectively. However, an unlined segment is unaccep-
table in cut-and-cover segments. Lining code 1 or 2 must be used in
conjunction with support code 4 in soft ground segments; code 0 or 2 is
unacceptable in cut-and-cover segments; and code 3 is unacceptable in |
rock or soft ground segments. Lining thickness is input in columns 55-60.
If left blank, COSTUN will calculate the thickness of cast-in-place
concrete lining (code 1 in column 54) or shotcrete (code 2 in column 54).

For unlined segments, it will calculate the backplate thickness of soft

AU . — i

ground segmental supports (code 1, 2, or 3 in column 54 of continuation
card). For precast concrete segmental lining (code 4 in column 54), the :
thickness must be input. If a thickness is input for code 3 (cut-and-

cover precast concrete box), it will be ignored. Rock or soil tempera- '
ture is coded in degrees Fahrenheit in columns 61-64 for rock and soft K
ground segments. In column 66, the user should enter code 0 if formwork
costs for cast-in-place concrete lining are to be computed and code 1 if
formwork costs are to be eliminated. Code 1 should be used when the
concrete is cast behind the steel liner plate that serves at the form. :
Croundwater elevation is input in columns 67-72. The average ground-
water elevation within the segment should be used. Column 75 is used to
designate whether a watertight lining is required. 1In this column, the
user should enter code O for a drained lining or drained soft ground
support, or for groundwater elevation below the segment invert eleva-
tion, and code 1 for watertight lining or soft ground tunnel support.

A cut-and-cover lining is automatically designated watertight. Tunnel i
type is coded in column 80 with 1 for rock, 2 for soil, and 3 for cut

and cover. :

Item 7. Tunnel segment continuation card. Include one card for
each soft ground or cut-and-cover segment immediately
after the main segment card to which it applies. Enter
data as follows:
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Columns 5-8 - Left-ground surface nodal point number.

Columns 9-12 - Right-ground surface nodal point number,

Columns 13-20 ~ Effective grain size D10 , in milli-
metres.

Columns 21-24 - Enter the undrained angle of internal
friction ¢ in degrees.

Columns 25-31 - Enter undrained soil cohesion, in
pounds per square foot (psf).

Columns 32-36 - Enter saturated unit weight of soil,
in pounds per cubic foot (pcf). If no value is in-
put, COSTUN uses the default value of 120 pcf.

Columns 37-39 - Enter dewatering option; use code 0 if
dewatering is not permitted. Code 1 must be used
for sloping-sided open cuts if groundwater elevation
is above the bottom of the trench and the impervious
layer is below groundwater elevation.

Columns 40-44 - Enter average elevation of groundwater
within segment.

Columns 45-51 (optional input) -~ Enter soil permeabil-
ity, in centinetres per second (cm/sec), for the
strata in which dewatering or face stabilization will
occur. If no value is input, COSTUN will compute
from the empirical relationship

2
K=¢C

P10
where C 1is an empirical factor and D
effective grain size in millimetres.

10 is the

Column 54 (support type) — Enter code O for sloping-
sided open cuts, 1 for soft ground supported by cast
iron segments, 2 for soft ground supported by pre-
cast concrete segments, 3 for soft ground supported
by steel segments, 4 for soft ground supported by
steel ribs and lagging (used with lining codes 1 or
2 in column 54 of main segment card), 5 for vertical-
sided open cuts supported by soldier piles and lag-
ging, and 6 for vertical-sided open cuts supported
by slurry walls.

Columns 55-60 - Required only for cut and cover. Enter
the average sound rock elevation within the segment,
below which RQD is greater than or equal to 50.

Column 64 - Required only for cut and cover. Enter
the method of bracing open cuts with code 0 for
sloping-sided open cuts, 1 for exclusive use of
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struts, 2 for exclusive use of tieback anchors, and
3 for struts above the box roof and tieback anchors
below the box roof.

Column 66 - Required only for cut and cover., Enter
the decking requirement option with codes 0 and 1 to
be used for no decking, respectively.

Columns 67-72 (optional input) - Enter stability num-
ber. For vertical open cuts, enter the value above
sound rock including benefits of dewatering. For
soft ground tunnels, enter the value at the face,
after stabilization. Leave blank for sloping-sided
open cuts or when it is desired to let COSTUN com-
pute the value. For soft ground segments, the sta-
bility number input must be between 0 and 9 if the
angle of internal friction is less than 29 deg and
must be between O and 7 if the angle of internal
friction is greater than or equal to 29 deg.

Column 74 - Required only for soft ground. Enter the
soft ground face stabilization method with code 0 if
no stabilization method is to be used, or if 1 or 2
is entered in column 75, 1 for compressed air, 2 for

; dewatering, and 3 for ground injections.

Column 75 - Required only for soft ground. Enter code 1
to allow COSTUN to select method for face stabiliza-
tion and check for increased stability (reduce sta-
bilization number) based solely on input parameters
and internal calculations. Use code 2 to have COSTUN
select a stabilization method only if the tunnel
otherwise cannot be excavated, 3 to have COSTUN use
the preferred method entered in column 74 above only
if the tunnel otherwise could not be excavated, and 4
4 if the method entered in column 74 is to be used
regardless of face stability. If code 1 or 2 is en-
tered in column 75, column 74 wust be blank or con-
tain a zero; if code 3 is entered in column 75, a ]
method must be specified in column 74. Columns 67-72
must be blank if code 1, 2, or 3 is entered in
column 75. A stability number or stabilization
method must be entered in columns 67-72 if code 4
is entered in column 75.

Columns 76-80 - Required only for soft ground. Enter
the air pressure, in psi, between 0 and 50 to be
used for face stabilization. Zero must be entered
if column 74 does not contain code 1 and if column 75
does not contain code 3 or 4. If compressed air is
specified (code 1) or selected in column 74, then the
air pressure must be greater than zero in
columns 76-80.
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Item 8.

Item 9.

Item 10.
Item 11.

Data separator (one card). Enter 999999 in columns 1-6.

Tunnel reach data. Include one card per reach.

Columns l1-4 - Lknter the reach number.
Columns 5-8 - Enter the exit shaft number.

Columns 9-14 - Required only for rock or soft ground.
Enter the characteristic finished dimension, in feet,
with any number from 10 to 40.

Column 17 - Required only for rock or soft ground.
Enter the tunnel shape with code 1 for circular, 2
for horseshoe, and 3 for baskethandle.

Column 20 - Required only for rock or soft ground.
Enter the muck transport method with code 1 for
truck, 2 for conveyor, 3 for train, and 4 for con-
veyor in compressed air and truck in free air.

Columns 21-25 (optional input) - Enter the number of
work hours per day. If no value is input, the de-
fault value of 24 hr is used.

Columns 26-29 (optional input) - Enter the number of
work days per week. Default value is 6.

Columns 30-32 - Required only for cut and cover. Enter
the number of contiguous box units in a single-level
cut-and-cover box.

Columns 33-37 - Required only for cut and cover. En-
ter finished box width, in feet. For a single-level
box, width equals clear span times number of units.
For a double~level box, width equals two times the
single level width. Any positive number between 10
and 40 may be input.

Columns 38-42 - Required only for cut and cover. En-
ter finished box height, in feet. For single-~level
box, height equals clear height of one unit; height
of double-level box equals two times clear height of
one unit. Any positive number between 10 and 20 is
permissible for a single-level box and between 10
and 40 for a double-level box.

Columns 43-45 - Required only for cut and cover. En-
ter the select box option with codes 0 and 1 to be
used for single-level and double-level box, respec-
tively.

Data separator (one card). Enter 999999 in columns 1-6.

Shaft segment data. Include one card per segment.

Data for soft ground and cut-and-cover segments are
continued on a second card. For rock shaft segments,
dummy shafts, or portals, the continuation card must
be omitted.

A7
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Columns 1-4 - Shaft number.

Columns 5-8 - Segment number. Enter any positive in-
teger from 1 to 999. Within any shaft, the segment
numbers must be exclusive, but in different shafts,
the numbers may be duplicated. Shaft segment num-
bers need not be in sequence, but sequential arrange-
ment of cards must be from top to bottom of shafts.

Columns 9-12 - Upper nodal point number. Enter the
number of the nodal point at the top of the segment.

Columns 13-16 - Lower nodal point number. Enter the
number of the nodal point at the bottom of the seg-
ment; if a portal, this number should be identical
with the upper nodal point number.

Columns 25-32 - Required only for rock., Enter intact,
UC rock strength, in psf or in psi, with any posi-
tive number. Leave blank when the shaft is a portal.

Columns 33-36 - Required only for rock. Enter RQD in
percent, with any positive number from 25 to 100.
Leave columns blank when the shaft is a portal.

Columns 37-39 - Required only for rock or soft ground.
Enter the excavation method with code 1 for conven-
tional rock excavation, 2 for moled rock excavation,
3 for moled soft ground excavation, or 4 for hand
excavation in soft ground. Leave blank when the
shaft is a portal or a dummy.*

Columns 40-45 (optional input) - Enter uniform advance
rate with any positive number, in feet per working
day; if blank or contains a zero, COSTUN computes
the advance rate. Leave blank when the shaft is a
portal or a dummy.

Columns 46-48 - Rock only. For water inflow, enter
code 1 for waterbearing formations; leave blank when
the shaft is a portal or for dry formations. Con-
trol of inflow in shafts is assumed to be invariant.
If inflow occurs, grouting around the perimeter of
the shafts is the assumed control method. Costs are
based on grout holes drilled on 5-ft centers around
the perimeter of the shaft for the entire thickness
of the waterbearing formation.

Columns 49-51 - Lining type. For unlined segment,

portal, or dummy, enter code 0 or leave blank; for
cast-in-place concrete lining, code 1; for shotcrete

* Note: A dummy shaft is an imaginary shaft used for internal bookkeep-
ing purposes only to separate segments constructed by different excava-
tion methods. No costs are calculated for a dummy shaft,
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Item 12.

lining, code 2; and for precast cut-and-cover lining,
code 3. An unlined segment is acceptable in rock
segments provided a watertight lining (columns 66-68)
is not required; in soft ground segments provided

the support type (columns 49-51 on continuation card)
is code 1, 2, or 3; and in cut-and-cover segments
provided the shaft is a portal or a dummy. When
lining code 1 or 2 is used in conjunction with sup-
port code 4 in soft ground segments, code 1 or 2 is
unacceptable in cut-and-cover segments, and code 3

is unacceptable for rock or soft ground segments.

Columns 52-57 (optional input) - For lining thickness,
enter any positive number, in inches; leave blank
when shaft is a portal or a dummy. A thickness may
be input for code 0, 1, or 2 above; for code 0, the
value input refers to the backplate thickness of
segmented soft ground shaft supports (code 1, 2, or
3 in columns 49-51 of continuation card).

Columns 58-59 -~ For formwork to be used in conjunction
with cast-in-place concrete linings in soft ground
or rock segments, enter code 0 or leave blank if
formwork costs are to be computed and code 1 if form-
work costs are to be eliminated. Code 1 should be
used if the concrete is to be cast behind a steel
liner that serves as the form. Note that the cost
of the steel liner is not computed by COSTUN.

Columns 60-65 - Croundwater elevation. Leave blank for
a portal or a dummy shaft. Enter any number repre-
senting the average groundwater elevation for the
entire shaft.

Columns 66-68 —~ Watertight lining or soft ground shaft
support. For an unlined shaft segment, for a drained
lining or drained soft ground support, for a ground-
water table below the segment, or for a portal or
dummy shaft, enter code 0 or leave blank; for a
watertight lining or soft ground shaft support, en-
ter code 1. Note that a cut-and-cover lining is
automatically designed as watertight.

Columns 69-73 - Shaft type. For rock, dummy, or por-
tal, enter code 1; for soft ground, code 2; and for
cut and cover, code 3.

Shaft segment continuation card. Include this card

only if the segment is soft ground or cut and cover
(code 2 or 3 in columns 69-73 of main card). This
card must be placed immediately behind the main card
to which it applies.
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Columns 17-24 - Effective grain size D
metres.

10 * in milli-~

Columns 25-32 - For undrained soil cohesion, in psf,
enter zero or blank or any positive number. Usually
this value is zero for sands and gravels, but it
cannot be zero if columns 37-39 below are also zero
or blank.

Columns 33-36 (optional input) - For unit weight of
soil, in pcf, enter zero or blank or any positive
number up to 200. If no value is input, COSTUN will
assume 120.

Columns 37-39 - Undrained angle of internal friction,
in degrees.

Columns 40-45 - For elevation of impervious layer, en-
ter any number representing the elevation for the
segment. Not required for soft ground segments if !
dewatering is not permitted or if the ground is not l
capable of being dewatered (D 0 < 0.08 mm or PERM
< 0.0006 cm/sec); not requireé for cut-and-cover
segments.

cover segments or if lowering of the groundwater
table by pumping is not permitted, enter code 0 or
leave blank; if lowering of the groundwater table
is permitted, enter code 1.

t
Columns 46-48 - Dewatering permitted. For cut-and- 5
L]
1]

Columns 49-51 - Support type. For soft ground sup-
ported by cast iron segments, enter code 1l; for soft '
ground supported by precast concrete segments, code 2;
for soft ground supported by steel segments, code 3;
for soft ground supported by steel ribs and lagging
(used with lining code 1 or 2 in columns 49-51 on
main segment card), code 4; and for cut-and-cover
construction, code 5.

Columns 52~59 (optional input) -~ For soil permeability,
in cm/sec, enter the permeability at the level in
which dewatering or face stabilization will occur;
omit for cut-and-cover segments., If no value is in-
put, COSTUN will compute if needed.

Columns 60-65 (optional input) - Stability number. For
soft ground segments, enter the value at the face in-
cluding the effect of any stabilization methods; for
cut-and-cover segments, leave blank. If no value is
to be input or if it is desired to let COSTUN compute
it, enter code 0 or leave blank. Otherwise, input
any number from O to 9 if PHI< 29 or any number from
0 to 7 if PHI 229.

Al0




Columns 66-67 - Required only for soft ground., Stabi-
lization method; in conjunction with column 68 below,
the soft ground face stabilization method either pre-
ferred or desired to be used; for required use of no
method or for code ! or 2 in column 68, enter code O
or leave blank; for stabilization by compressed air,
code 1; for stabilization by dewatering, code 2; and
for stabilization by ground injections, code 3.

Column 68 - Required only for soft ground. To allow
COSTUN to select a face stabilization method and
check for a significant reduction in the stability
number based solely on input parameters, enter code 1;
to have COSTUN select a stabilization method only if
the tunnel could not otherwise be excavated, code 2;
to have COSTUN use the preferred stabilization meth-
od (columns 66-67 above) only if the shaft could not
otherwise be excavated, code 3; to have COSTUN use
the given stabilization method regardless of the face
stability, code 4. For code 1 or 2, a face stabili-
zation method must not be specified in columns 66
and 67; for code 3, a method must be specified in
columns 66 and 67; for codes 1, 2, and 3, a stabil-
ity number must not be input in columns 60-65; and
for code 4, either a stability number or a stabili-
zation method (both are also acceptable) must be in-
put (blank or zero in columns 66 and 67 indicates no
stabilization method is to be used).

Columns 69-73 - Required only for soft ground. For
the air pressure to be used for face stabilization,
in psi, input any positive number from 0 to 50. If
a stability number is input and the stabilization
method selected is compressed air, a number greater
than zero must be input; a value other than 0 must
not be specified if columns 66-67 do not contain
code 1 and if column 68 does not contain code 3 or 4.

Data separator (one card). Enter 999999 in columns 1-6,

Shaft data. Include one card per shaft.

Columns 5-~10 - Shaft size. Enter the characteristic
finished dimension, in feet, with any number from
10 to 40. Leave blank when the shaft is a portal

Columns 11-13 - Shaft shape. For a dummy or portal,
enter code 0 or leave blank; for a circular shape,
code 1; and for a square shape, code 2.

Columns 14-21 - Distance to disposal. Enter distance
to user-selected disposal site, in miles.

All
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Item 13.
Item 14,
Columns 1-4 - Shaft number.
or a dummy.
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Columns 22-28 - Cost of the disposal site, in dollars
per acre.

Columns 29-32 - For aboveground air temperature, in
degrees Fahrenheit, any positive or negative number
is entered but can be omitted if all reaches associ-
ated with the shaft are cut and cover.

Columns 33-38 - Labor cost index. Calculate by divid~
ing the cost of labor for period of consideration by
costs of labor in Chicago in 1969. This value was
$35.17 in Chicago in 1969 and consisted of hourly
wages and fringes for heavy construction, one each;
common labor plus skilled iron workers plus hoisting
engineers plus tractor operators plus air compressor
operator plus truck driver. This mix is representa-
tive of labor employed in tunnel construction. Rates
are published monthly by Engineering News Record
(ENR) for 20 cities and annually for an additional
25 cities. 1In addition, information on labor rates
may be obtained by contacting the U, S. Bureau of
Labor Statistics, union offices, or local employment
offices.

Columns 39-44 - Equipment cost index. Based on ENR
quarterly report of "Equipment List Price Trends,
All Types of Equipment.'" Equipment Cost Index is
calculated by dividing the index value for the peri-
od of consideration by the index value in 1969,
which was 110.4 on a base of 100 for 1967.

Columns 45-50 - Material cost index. Calculate by di-
viding the ENR Construction Cost Index, material
prices for location of the project for the period of g
project construction, by the Chicago index for 1969.
The unit of materials to use consists of 22.5 cwt
bulk cement, carload lots (prior to 1972 used 6 bbls),
1 Mfbm of pine or fir 2x4's, and 25 cwt standard
structural steel shapes, W8x31l, base price, FOB
warehouse. The 1969 Chicago cost of these mtls was
$402.50.

Columns 51-56 - Regional cost factor. Used to assess
construction cost differences in various regions of i
the United States. Enter 0.9 for Chicago, 1.2 for :
San Francisco, 2.0 for New York City, 0.8 for all
other areas, or any other number the user deems
appropriate.

Columns 57-61 (optional input) - For work hours per -
day, enter any positive number from O to 24. If no !
value is input, 24 will be assumed.
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Columns 62-65 (optional input) - For work days per
week, enter any positive number from 0 to 7. If no
value is input, 6 will be assumed.

Item 15. Data separator (one card). Enter 999999 in
columns 1-6.

Item 16. End of system (one card). Enter end of system in
columns 1-13.

6. At this point, input decks for additional tunnel-shaft
systems may be prepared. The additional decks should start with the

title cards and end with the end of system card above. The additional

system data decks may be stacked for a single computer run. Final job
control cards are placed behind the last end of system card.
Fatal errors

7. Data inputs that would cause material inaccuracies in the
problem solution and that can be identified by internal checks in sub-
routines INPUT, SFTSET, and LENCTH are programmed to halt execution of
the computations. Such inputs, are, therefore, called "fatal" errors.
the following tabulation is a complete listing of all fatal errors
checked in INPUT, SFTSET, and LENCTH. The Format Statement Number is
the number of the statement in the program listing that will be printed
out as a result of the error. All are checked in INPUT except as noted

in paragraph 7.

Format Statement No.

Description Tunnels Shafts
No separator card after nodal point card 1500 1500
Duplicate nodal point number 1013 1013

Nodal point <1 or > NPMAX*
NPMAX = max. no. of nodal points 1001 1001

Number of segments > NTSMAX* or NSSMAX*
NTSMAX = max. no. of tunnel segments allowed
NSSMAX = max. no. of shaft segments allowed 1016 1017

L}

No separator card after tunnel segment data or 1501/2000 -
tunnel type coded incorrectly

* See the program listing (paragraph 16) for present dimensions of these
variables.
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Format Statement No.
Description Tunnels Shafts
Duplicate reach or shaft number 1022 1023
Segment card out of sequence 1015 1115
Nodal point card omitted 1031 1131
Excavation method coded incorrectly 1030 1029
Excavation method does not match tunnel or shaft type 2005 2210
Thickness specified; no lining 1045 1046
Lining type coded incorrectly 1043 1048
Lining type does not match tunnel or shaft type 2010 2220
Input advance rate less than zero 1065 1075
Watertight lining requirement coded incorrectly 2015 2225
No lining or support specified for watertight tunnel 2020 2230

or shaft

RQD < 25 in rock tunnel or shaft 2030 2212
RQD <0 or >100 1062 1072
Surface nodal point out of sequence 2040 -
Surface nodal point card omitted 2045 -
Surface nodal point elevation below tunnel 2050 -
Effective grain size not specified 2055 2245
Soil strength not specified 2060 2250
Friction angle > 100 deg 2063 2253
Unit weight of soil > 200 pcf 2064 2254
Dewatering requirement coded incorrectly 2065 2255 é
Impervious layer above ground surface 2072 - E
Impervious layer at ground surface, soil not clay 2073 -
Impervious layer above base of shaft segment - 2262
Support type coded incorrectly 2075 2265
Support type does not match tunnel or shaft typ- 2080 2270
Lining type does not match support type 2085 2275
Rock elevation above ground surface 2092 -
Bracing code < 0 or > 3 2095 ' -
Bracing code for vertical cut £ 0 2100 -
Decking coded incorrectly 2105 -
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Format Statement No.

Description Tunnels Shafts
Stability number too high; excavation impossible 2115 2285
Stabilization method coded incorrectly 2120 2290
Stabilization use coded incorrectly 2125 2295
Air pressure not specified for compressed air

stabilization with input stability number 2130 2300
Stability number specified; incorrect stabilization

use code 2135 2305
Air pressure specified; compressed air

stabilization not specified 2137 2307
Stabilization use code does not match method 2140 2310
Unacceptable stabilization method input 2147 2320
No separator card after reach data 1502 -
Reach number < 1 or > NTRMAX 1021 -

Size indicates cut-and-cover; shape code is not zero 2150 -

Shape indicates cut and cover; size in wrong column 2151 -

Duplicate reach or shaft data cards 1026 1027
Muck transport method coded incorrectly 1041 -—
Shape coded incorrectly 1042 2325

Shape indicates cut and cover; muck transport

method specified 2152 -
No muck transport method specified 2153 -

Work hours per day < 0 or > 24 2155 2335

3 Work days per week <4 or >7 2160 2340
Box dimension(s) not input 2165 -

Number of box units not specified for cut and cover 2175 -

1 Noncircular shape for mole excavation 1040 2355
Compressed air required; truck muck transport 4
specified 2195 - :
Cast iron support specified for noncircular shape 2200 2350
Tunnel is not cut and cover; no shape specified 2201 -
Shape specified is not for cut and cover 2202 -
RQD of sound rock < 25 for cut and cover 2204 -—

Sloping cut through pervious ground below GWT;
dewatering must be allowed 2205 —

Al5
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Format Statement No.

Description Tunnels Shafts
Segment in nonexistent reach or shaft 1200 1201 ‘
Reach or shaft number not referred to 1203 1204 '
Reach ends at nonexistent shaft 1202 -
Shaft number <1 or >NSMAX - 1034
Groundwater elevation within shaft segment - 2240
Shaft inflow coded incorrectly - 1047
Shape indicates a dummy shaft, size given - 2330
Size indicates a dummy shaft, shape code not zero

or blank - 2332
Square shaft in rock - 2345
Missing separator card after shaft segment data, or

shaft type coded incorrectly 1503/2207
No separator card after shaft data - 1504

No cut-and-cover segments in a cut-and-cover
shaft (SFTSET) 1000

No cut-and-cover segment adjacent to dummy shaft
(LENGTH) - 2000

8. Fatal errors may also be detected after some preliminary pro-
cessing in subroutines CALCS, AIRPRS and STABIL that are identified in
the program listing. In this case, the calculated tunnel data and cal-
culated shaft data will be printed out (unless suppressed), and then the

program execution will be halted. Fatal errors in this category are

' listed below.
Format ‘1
{ Statement No. 4
Description Tunnels Shafts Subroutine
Stability number too high after stabili-
3 zation; excavation impossible 2000 3000 STABIL
3 Stabilization is required but input method
f not acceptable 2030 3030 STABIL !
Stabilization is required but input method ;
not effective 2035 3035 STABIL |
Al6
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Format
Statement No.

Description Tunnels Shafts Subroutine
Stabilization is required but input speci-

fies no method must be used 2050 3050 STABIL

1

Excavation impossible by using air pres-

sure < 50 psi 2000 3000 AIRPRS
Haul slope too steep for a train 1020 - CALCS
Tunnel too small for a truck 1021 - CALCS
Slope too steep for muck transport methods 1023 - CALCS

Truck muck transport in compressed air
tunnel 1025 - CALCS

Nonfatal errors

9. Data inputs that are beyond the range for which the cost re-

lationships are believed to apply with accuracy are nonfatal errors.

These errors will not halt execution of the program, but a warning will
be printed out to call attention to their existence. Included in the
category of nonfatal errors are various reminders and warnings as to the
final use of certain input data.

Format
Statement No.

Description Tunnels Shafts Subroutine

Rock stremgth < 500 psi 1060 1070 INPUT

Cut-and-cover segments are watertight 2017 2227 INPUT

Groundwater elevation is zero or blank, 1
used zero : 2025 2235 INPUT

RQD > 25 for soft ground tunnel 2035 2215 INPUT 1

Coefficient of permeability > 10 cm/sec 2061 2251 INPUT

Friction angle > 45 deg 2062 2251 INPUT

Impervious layer elevation is zero or
blank, used zero 2070 2260 INPUT }

Rock elevation is zero or blank, used zero 2090 - INPUT

Cut-and-cover box deeper than 100 ft 2094 - INPUT

Stabilization method is not acceptable 2145 2315 INPUT

Size < 10 or > 40 ft 1064 1074 INPUT




Format
Statement No.

Description Tunnels Shafts Subroutine
Box width exceeds 40 ft 2170 - INPUT
Box height > 20 ft for single-level box 2180 - INPUT
Box height >40 ft for double-level box 2185 - INPUT
Impervious layer above tunnel, DlO > 0.005 2190 - INPUT
RQD of sound rock is 25-50 for cut and

cover 2203 - INPUT
No excavation method specified; dummy shaft

assumed - 2208 INPUT
Dummy shaft, cost=0 - 2327 INPUT
Shaft depth > 3000 ft - 1071 LENGTH
Reach length > 20 miles 1061 - LENGTH
Input thickness less than standard

design, input ignored 1010 1011 SIZEST/SIZESS
Input thickness appear to be inadequate 2710 2711 SIZEST/SIZESS !

for water pressure I

Lining thickness was input for cut-and- '

cover box 3500 - SIZEST/SIZESS
Croundwater below segment; input inflow :
ignored 3600 3605 SIZEST/SIZESS
Stabilization method not effective; no
method used 2010 3010 STABIL
Input stabilization method not required 2015 3015 STABIL
Input stabilization method not accep-
table nor required 2020 3020 STABIL
Stabilization method not effective; 2025 3025 STABIL

method used anyway

Hand excavation used rather than input
method 2040 3040 STABIL

Conveyor/truck transport used rather
than input method 1030 - CALCS




10. Several of the above messages are caused by elevations that
are not associated with nodal points. INPUT makes extensive checks for
missing input data. Unfortunately, the computer cannot distinguish be-
tween a zero and a blank data field. Therefore, COSTUN cannot be cer-
tain that the user meant elevation 0 or just forgot to input a number.
These messages can be avoided by specifying an elevation close to zero,

like 0.1 or 0.01, if elevation 0 is indeed desired.

Program Execution and Printout

Program execution

11. COSTUN is executed in core. During operation it neither re-
fers to information stored on another tape nor generates another data

tape. Therefore, no special operating instructions are necessary.

12. The program stores most data in one of five arrays (A, B,
CNP, SHAFT, and TRDATA). These five arrays are stored in one main array
called ARRAY. This procedure allows the user to alter the storage re-
quirements of COSTUN. The storage requirements are a function of the
allowable number of tunnel and shaft segments, tunnel reaches, and .
shafts. COSTUN as written provided for NTSMAX (maximum number of tunnel
segmew~s) = 300, NSSMAX (maximum number of shaft segments) = 300, NSMAX

(maximum number of shafts) = 100, and NTRMAX (maximum number of reaches) =

200. The version presented in the program listing allows NTSMAX = 20,
NSSMAX = 10, NSMAX = 10, and NTRMAX = 20.

13. The storage requirements can be changed by changing any or
all four of these key variables in the main program. If the change is
made after the initial compilation, then only the main program needs to
be recompiled. If these variables are made larger, the dimension of ARRAY
(firs ecute card in MAINLINE) must be increased. If these variables
are made smaller, the dimension of ARRAY need not be changed, but failure
to do so will result in paying for more computer storage than necessary.

e rinimum dimension of ARRAY is given by

mal o= TN X NTSMAX + 46 X NSSMAX + 23 X NSMAX + 23 X NTRMAX




14, For the values originally provided for these four key vari-
ables, the minimum dimension of ARRAY was 42,900. If the dimension of
ARRAY is changed to less than the minimum required dimension, a message
will be printed and the computer run will terminate. Whenever the di-
mension of ARRAY is changed, the value of MM (fifth execute card in
MAINLINE) must also be changed to that of the new dimension of ARRAY,
The present dimension of ARRAY is 2630. This size allows most tunnels
to be estimated without problems and saves some storage costs.

Printout

15. The printout consists of the tunnel and shaft title and all
other input data, unless the suppress option, described previously in
1 paragraph 3, is used to suppress one or more items of input data. After
the selected input is printed out, the program prints out calculated
tunnel data, consisting of length, slope, excavated dimensions and quan-
tities, advance rates, lining thickness, pump rates and heads, and con-
struction time. Position of the airlock, if used, stabilization method
used, unit weights, permeability, concrete volumes, and backfill volumes
are listed where appropriate for each tunnel segment within each reach. .
The same categories of calculated data are printed out for each shaft

under the heading, "Calculated Shaft Data." Next, tunnel costs are lis-

ted by reach and segment number under column headings for excavation
setup, excavation, muck loading, muck hauling, muck hoisting, muck dis-
posal, supports, lining, lining formwork, grouting, pumping, and air
conditicning, and these unit costs are tallied to obtain the segment
cost per foot and total segment costs, which are printed. This process
is repeated for cach segment. Then a summary of reach costs is printed,
applying the cost adjustment factors to labor costs, equipment costs,
and material costs to obtain total reach costs. Such a printout is also
prepared for each reach and for each shaft. A "Tunnel Reach Cost Summa-
ry" is printed next, applying the Regional Cost Factor to the total,
followed by a similar "Shaft Cost Summary.'" The final output block re-
prints the project title and the profit and overhead margins, and then
lists the project summary costs for labor, equipment, and materials, and

the total costs.
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Program Listing
16. A listing of program COSTUN is given below.
¢ MAINLINE PROGRAM =~-=ecmc-ee COSTUN  ===comcm—comcocommme e eae 200020 2000
Cc EXEXREXSEXXRRXXRXRIXEEAXKRXREXRAKKXZBXR XXX XBAXRKXEAERNXRXXXKRR 2 XXX Q00030 2000
DIMENSION ARRAY (asa ) 280040 2200
COMMON /BASIC/ MSS,N
COMMON /A7 LO,L1, Pﬁ on L1ST(40),TITLE(16@),5TABEG, ITYPE 200060 0200
COMMON/F~ 1ERROR 200070 0000
COMMON-/G~ TUNLC, funsc TUNMC, TUNTC ooeovs gggg
c ------------------------------------------------------------------ GG‘-‘
¢ WHENEVER THE DIMENSION OF ‘ARRAY’ IS CHMANGED, THE VALUE OF MM 200090 0029
¢ aenou MUST ALSO BE CHANGED TO THAT OF THE NEU DIMENSION OF ‘ARRAV‘ 002100 0000
MNe2630 200110 2000
€  emmmmmm e e me e e e e s e e e meee— o 002120 00980
NSMAX=10 220130 ee¢ee
NSSMAX~10 200140 2000
NTRMAX=20Q 200150 e0oe
NTSMAX =20 292160 @eoe
NPMAX sNSSMAX + 2XNT SMAX 000170 2000
¢ J1 » STORAGE LOCATION IN ‘ARRAY’ OF FIRST ITEM IN ‘A‘ ARRAY 200180 0e0e
¢ J2 « STORAGE LOCATION IN ‘ARRAY‘ OF FIRST ITEM IN B’ ARRAY 2eeiSe oeee
¢ J3 = STORAGE LOCATION IN ‘ARRAY‘ OF FIRST ITEM IN ‘CNP‘ ARRAY e002e0 000¢
¢ J& = STORAGE LOCATION IN ‘ARRAY< OF FIRST ITEM IN -SHAFT' ARRAY  Q@0212 90800
¢ J5 = STORAGE LOCATION IN ‘ARRAY’ OF FIRST ITEM IN TRDATA’ ARRAY 000220 2000
< J6 » STORRGE LOCATION IN ‘@RRAY‘ OF FIRST ITEM IN CUMSL 200230 000e
Ji = 1 200240 200¢
c THE NUMERICAL COEFFICIENTS ON THE NEXT S LINES REPRESENT THE 000258 0002
¢ NUMBER OF ITEMS STORED IN THE A, B, CNP, SHAFT, AND TRDATA  @00268 200
¢ ARRAYS, RESPECTIVELY 200270 20e0
J2 = J1 + B8ANTSMAX 200280 0000
J3 = J2 + 43INSSMAX 200290 2000 A
J4 = 33 + 2XNPMAX 200302 0000 4
J5 = J& + 23ENSMAX 29e31@ ddee A
J6 = J5 + 23ENTRMAX 200320 200e
L1e5 200332 0009
L0e6 000340 2000
R e T 20035¢ e0ce 1
¢ THE_MINIMUM REQUIRED SIZE OF ‘ARRAY’' IS J6+ NPMAX-1 0ee36e 000@
¢ OR 74XNTSMAX+46ENSSMAX +2IXNSMAX+2IXNTRMAX 20237e 2092 4
MINARR =74 XNTSMAX + 46 XNSSMAX+2IXNSMAX+2IANTRMAX 000382 eooe
IF(MM.LT.MINARR: GO TO 50@ eee3se eooe
e TR Rt CE R PEREE PR, 00040¢ 2002
10 IERROR=0 000410 Qoee
READ(L1,1,ENDeBO@> TITLE,LIST,PM,0M,STABEG 000420 @200 i
WRITE(L0,2) TI 000430 @000
WRITE(LD,3) PM,OM 000440 @00Q
RITE(LD,4) 000450 0000
CALL INPUT (ARRAY(J1 ), ARRAY (421, ARRAY (J3), ARRAY (J4),ARRAY (J), 008450 0000
INTSMAX , NSSMAX, NPPMAX, NSHQ)( NTRMAX ) 200465
IF(15THP.€Q.1) GO TO L@ 200470 0000
140 CM.L SFTSET (ARRAY(J1),ARRAY(J2),ARRAY(J3),ARRAY (J4),ARRAY(JS), ©@00480 eeeQ
INTSMAX, NSSMAX , NPMAX , NSMAX, NTRMAX ) 200485
IFC(ISTOP.EG.10 GO TO 1@ 200493 0000
CALL LENGTH _ (ARRAY(J1),ARRAY(J2),A6RRAY(J3),ARRAY (J4),ARRAY(JS), 00508 0000
1 ARRAY(J6 3, NTSMAX,NSSMAX , NPMAX, NSMAX , NTRMAX ) 000510 2000
(T o T 900520 0200
¢ PRINT OUT INPUT DATA FOR TUNNELS 000530 0000
¢ INITIALIZE 000540 2000
(Continued)
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{ COSTUN Listing (Continued)
|
1 ——— — - - - — - _— v —— e e e e ek e e et e e e - e e o e . e e m = e e e e
; 1PR=0 00055¢ o0ee
; NLINES=40 2005690 00QQ
: DO 5 Met NTS
el
b ITVPEeL 000580 0000
§ CALL INOUT (I,ARRAY(J1;,ARRAY(J2),ARRAY(J3),ARRAY( 4, ARRAY (J5), 000550 0000
INLINES, IPR NTSﬁhX.NSSth,NPHﬂx NSMAX, NTRMAX ) 000600 2032
¢ PRINT OUT $NPUT DATA FOR’SHAFTS 200610 0009
[+ INITIALIZE 00620 0000
IPS-0 00630 0000
NLINES- 45 AQ2€40 Q0@
?OHG Me1,NSS
ITVYPE«Q 200660 Q000
6 CALL INOUT (],ARRAY(J1),ARRAY(J2),ARRAY(JI),ARRAY(J4),ARRAY(JS), 000670 2002
INLINES, 1P, NTSMax , NSSMAX , NPMAX , NSMAX , NTRMAX | Q00682 0000
£  ~ememcccccccasccccccmrecccrccnv e caccccctcecrr e mcccrmcrmcec e a——a~ 2002690 Q000
¢ CALCULATE TUNNEL DIMENSIONS 000790 2@’
?0"7 Me i ,NTS
L]
? CALL SIZEST(I, ARRAY(J1),ARRAY(J2),ARRAY(JI),ARRAY(J4),ARRAY(JS), 000722 0000
INTSMAX , NSSMAX , NPMAX , NSMAX , NTRMAX ) @e072s
¢ CALCULATE SHAFT DIMENSIONS 200730 0000
DOHS Meg,NSS
8 CALL SI2&SS5(I, ARRQV(JI),QRRAY(Je),RRRQV(J3J,ARRRV(J4),RRR&V(JS), 200750 eo0e
INTSMAX,NSSMAX , NPMAX , NSMAX , NTRMAX ; 200755 |
€ memmmrmemeeecccecrecedmnetme e e mcccan 202760 2000
C DETERMINE STABILITY NUMBER AND EXCAUATION METHCD FOR SG TUNNELS 200772 200¢ ;
DO 20 fiel NTS i
ITYPE=? 20075¢ @00 e
CALL STABIL:(I, ARRAY ( J1 ), ARRAV (J2),ARRAY (13, ARRAY( J4;,ARRAY( S, 000800 000 L
INTSMAX, NSSMAX , NPMAX , NSMAX , NTRMAX ) 200805 :
20 CONTINUE 2Q08l0 eeoe j
C gg?ggN;NE z;gBILITY NUMBER AND EXCAUATION METHQD FOR SG SHAFTS Q0822 2eaR
57;95-8 000840 ¢o0°
CALL sTaBILI(I, ARRAY(JL),ARRAY( J2 ) ,ARRAY 1,ARRAV(J4; ARRAV(JS:, Q00850 0eQ2
LINTSMAX , NSSMAX, NPRAX , NSMAX , N"RMAX ) 200855 H
25 CONTIMUE 200860 ceee
€ e e 200873 ¢oee
CALL REACK)D (ARRAY (1, ,ARRAY (2, ,ARRAY [ '3), ARRAY( J4),ARRAV(JS, 002882 Q20@
LNTSMAX, NGSMAX, NPMAX , NSMAX, NTRMAX ) 200885
CALL ADRATE CARRAV( 1, ARRAY(J2),ARRAY '3, ARRAY( J4),ARRAY( (5, 0QQ08Se 2cee
INTSMAX, NSSMAX, NPIMAX, NSMaX, NTRMAX ) 0008$¢S
CaLL CONSTM  'RRRAVIC1),ARRAYIJZ:,ARRAYI 3;,ARRAY(J4),ARRAY (5, 200502 ooee
INTSMAX, NSSMAx , NPMaX , NSMAX, NTRMAX ) 200905
CALL PUMPH* (ARRAY(J1 5 ,ARRAV( IR ,ARRAY (3, ARRAY ( J4),ARRAY( S), Q005.e ooee
INTSMAX ,NSSMAX, NPMAX , NSMAaX , NTRMAX ) 8ees: s
CALL PUMPR™ (QRRQV(JI),QRRQV(JEJ,bQRAv{J3),QRGaV(Jl),ARRGV{JSD, 00092¢ Q30Q
INTSMAX, NSS™AX , NPMAX, NSMAX , NTRMAX 200925
CALL VCLUME  (ARRAY(J1),ARRAY(J2:,ARRAY(J3),ARRAY ( 4),ARRAY (S, 000930 00de
thfsﬂﬁX.NSSHﬁX.NPHQX,NSN&x,NTR"ﬁx: 2008385
CALL EXCUQL (RRRAV(J1),QRQRV(JE).RRRQV{J3),ﬁRRaV(Jd),ﬂRRGV(JS), 200940 Q002
INTSMAX , NSSMAX , NPMAX , NSMaX , NTRMAX 200545

CALL MUcKLD (ARRAV(J1},ARRAY(2},ARRAY(JI),ARRAY (J4),ARRAY(JS), 000950 0200

(Continued) '
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COSTUN Listing (Continued)
INTSPMAX , NSSMAX, NPMAX , NSMAX, NTRMAX ) 200855
call ASRLOK (ARRAV(J1),ARRAY(J2), anaav<aa> ARRAY (J4),ARRAY( JS:, 000560 002¢
x ARRAV(JG) NTSMAX , NSSMAX . NPMAX, NSMAX , NTRMAX 220570 2000
CALL CALC (ankav(Jx),nRRAV(JE) aknav(ga) ARRAY (J4),ARRAY(J5:, 020980 2000
INTSMAX , NSSMAX annx NSHhx,NTRHAx 200985
1F (IERROR.€Q.1) & 10 200950 2000
CALL COSTTU (ARRAY(Ji) annav(JS) ARRAY (J4),ARRAY(JS),ARRAY(JE, 081220 2000
INTSNAX , NPMAX, NSMAX , NTRFIAX , NSSMAX 201005
call cOSTSF ~  (ArRAav(J2). aRRaV(J3> ARRAY (J4),ARRAY (J5), 00i010 0000
1NSSMAX , NPRAX usnax NTRMAX, NTSMAX 201015
CALL Néxssr<£o L1 201020 0020
Go 001030 0000
€  emmmemeeececcececemeecemeeememmee—emeemem——seeeccmemce—caoooee 201040 0000
c DIMENSION OF ‘ARRAY  ARRAY LESS THAN MINIMUM REGUIRED DIMENSION, 201050 0000
¢ EXECUTION TERMINATED 201060 0000
50@ URITE(LO,S) MM, MINARR 001070 0000
[ T e TP 001280 0000
1 FORMAT(10(15R4,),4211,/,3F108.0 201090 2200
2 FORMAT(1M1,10(/), 15X, 90(1Hx),/.1$X 1M, 88X, 1KX, /, 201100 0000
110C15X, 1HX, 12X, 16A4, 12X, 1HX, /) 001110 0000
e 15x mx,ssx 1KHE, 7, 16%,90(int ) 001129 °Q0e
3 FORMAT(/ /777 ,44X% 38(1Hl) /, 001130 o0Qe
1 44X, 1Hx,22H PROFIT marGiN'....... F7.2,2H %,/, 00114¢ 002
© 44X, 1Hx,22H QUERHERD MARGIN .....F7.2,2m x,/, 301158 0000
3 44X, 32(1HE D) 201160 0000
4 FORMAT(1HL) 201170 Q00e
9 FORMAT(1HL, ///7/,4X, 131 (1HX )/ /27X, 7BHXXXEX EXECUTION OF -COSTUN‘ S 0011808 2000
1TOPPED BECAUSE OF ERROR IN MAINLINE PROGRAM xE¥Xx. . 22X, 201190 22Q0
213HDIMENSION OF ,17,68W GIVEN FOR ‘ARRAY’ IN MAINLINE PROGRAM 15 L 001200 0000
3E5S THAN MINIMUM REQUIRED//22X, 13IHDIMENSION OF ,I7, 001210 0000
429M. ALL DATA DECKS IGNORED./7/1X,131(1HX)) 201220 0006
L et T T T 001230 000
(1.1} courxnue 201240 200@
ST 001245
END eQ125¢ 0008
SUBROUTINE INPUT(A,B,CNP,SHAFT, TRDATA,NTSMAX,NSSMAX, NPMAX, NSMAX,  QQ@1262 2000
INTRMAX 201265 :
Rt et o LT T T T Qei27e 000e
B e O e e T T e128e 290¢ 4
g THE FOLLOWING DEFINES THE CONTENTS OF THE VARIOUS ARRAYS ge:gse ggeg
------------------------------------------------------------------ eidee 200
< CNPCILJ) ... NODAL POINT ARRAY (I = NODAL POINT NUPBER: 201310 2000 ,
¢ J * 1 STATIONING OF THE NODAL POINT ge132e ¢o00 ,
¢ (CALCULATED IN SUB LENGTM® 001330 eoae i
¢ = 2 ELEVATION QF THE NODAL POINT 001340 0000 :
¢ AUI,J) ...... TUNNEL SEGMENT ARRAY (1 = LOCATION OF SEGMENT IN 201352 e00Q ¢
o ‘A’ ARRAY, J + AS BELOL) 201360 0090 ,
¢ ITEM J « § SEGMENT NUMBER = NTSES 001379 eeed ‘
< 2 NODAL POINT TO LEF™ CF SEGMEN™ « NPL Q01380 €200 1
¢ 3 NODAL POINT YO RIGHT CF SEGMEN™ « ~NPR 001390 el :
¢ 4  REACH NUMBER ¢ NREACH 201420 Q000
¢ ] nocx STRENGTH = RS OR JRS 201410 Q200
¢ 6 R.Q.D. s RGQD OR JRGD 201420 @000
¢ 7 EXCAVATION METHCD = MEX 001430 C00e
¢ (1*DRILL AND BLAST, 2+MOLE(ROCK ', Q01449 Qo¢e
¢ JeMOLE(SOIL:, 4=HAND,5=RIPPER 201450 2000
¢ 6eO0PEN CUT(UERTICAL), 7+O0PEN CuT 001460 0000
c (SLOPING)) 00.472 o0Qe
(Continued)
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COSTUN Listing (Continued)

e?
28

29
30
3

32

HEADING ADUANCE RATE o
GROUNDUQTER INFLOY AT UOR(IN” FACE
» INFLOU CR_GI
LINING TYPE = LINING

(@ OR BLANK=UNLINED,1CIP CONCRETE,
S*SHOTCRETE, 3sPRECAST CONCRETE BOX)
LINING THICKNESS « TL OR LT QR TSEG

ROCK TEMPERATURE » RTEMP OR JRTEMP
SUPPRESSION OF FORMUORK COSTS5eNQFQRM

(@ OR BLANK=POSSIBLE COSTS A'SUPPRESS @

GROUNDWATER ELEUVATION = ELU
URTERTIGHT LINING REQUIREMENT = LINUT
(@ OR BLANKeND, 1sUATERTIGHT)

TUNNEL SEGMENT TYPE « NTSTYP
{1sROCK, 2%50FT GROUND,
3~ CUT AND COUVER)
SURFACE NODAL PCINT TC LEFT OF TUNNEL
SEGMENT = NPLS
SURFACE NODAL PCINT TO BIGNT OF
TUNNEL SEGMENT « NPRS
EFFECTIVE GRAIN SIZE » D1@
ANGLE OF INTERNAL FRICTION » PHI
SOIL COMESION s COMESN
SOIL UNIT UEIGHT s GAMMA
DELATERING ALLOWED » JURTER
(@ OR BLANK®NO, 1«ALLOUED)
ELEVATION OF IMPERUIQUS LAYER = ELIMP
SOIL PERMEABILITY « PERM
SUPPORT TYPE =« ISUPPT
(12CAST znou secnsurs 2eCONCRETE
SEGRENTS, 3+STEEL SEGMENTS,
44STEEL érss U/LINING 5«$OLDIER
PILE-LAGGING, 6=SLURRY uaLL)
ELEVATION OF SOUND ROCK » ELROC
OPEN CLT BRACING REQUIREMENT xsnncs
(@ OR BLANKsNONE, 1 sSTRUTS
2eANCHORS, 3*STRUTS+aANCRHORS)
opsw CUT DECKING REQUIREMENT e IDECK
R BLANK=NG, 1sDECKING USED]
STABILITV NUMBER = srnawo
STQBILIZATION METHOD o MSTAB
@ OR BLANK<NONE, 1+COMPRESSED
nrn 2eDEUATERING, 3eGROUND INJ.)
USE OF STABILIZATION METHOD = MLST
(1oCOSTUN SELECT, 2+C08TuN SELECT
ONLY IF COULD NOt BE EXCAUATED
3«USER SELECT ONLY IF cOULD NOY
BE EXCAUATED, 4=yUSER SELECTS,MusT
USE,EVEN IF MSTABd)
AIR PRESSURE = AIRPR

ACCEPTABLE INPUT STABIL.METHODe MSTAC O

t1sACCEPTABLE, 2oUNACCEPTABLE )
max nénugun~zgav FOR COMPRESSED AIR

NODAL POINT OF AlR LOCK « NPLOCK
MAaX HEAT EXCHANGE FOR COOLING PLANT

SETUP = GT
FOR ROCK OR SOFT GROUND --~~-

(Continued)
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COSTUN Listing (Continued) }
i

QUANTITY OF HWEART EXCHANGE IN SES = Q 002060 0000

FOR CUT AND COVER =--=- Q0ceQ eee0

LENGTH OF SOLD. PILE W/ CECK. = SPDLT 00E080Q @000

- - 002090 0200

DEPTH OF SLURRY UﬂLL » DSLURY 002100 2000

39 CHAR, EXC. DIMENSION = BE 202110 0000

40 CHAR. EXC. DIMENSION AT RQD-49d « BE4Q 002120 0000
41  CHAR. EXC. DIMENSION RT RQDsE@ = BEGQ 002130 0000

42 CHAR, EXC. DIM. W-0B = BOB 202140 oeoe
43 FOR ROCK ~-=== 002150 0000

CHAR. EXC. DIM. L/0B , RCD=40 = BOB42 002160 0000

FOR CUT AND COUER =----- 002170 02000

TOTAL BOX HEIGHT « TOTBCX 002180 0000
44 CHAR, EXC. DIM. L/0B , RQD=60 = BOBE@ 082190 20RQ
45  SEGMENT LENGTH = TSEGL 002200 02000
46  MUCK HAUL DISTANCE » DM 202219 00200
47  MUCK WAUL SLOPE = HSLOPE 002220 0009
48 MUCK LOADING RATE IN SEGMENT = RKL 202230 2009
49  ULTIMATE ADVANCE RATE s ARTULT 002240 0009
50 CONSTR. TIME EXC. + LINING = CTTS 002250 2000
51  EXCAVATED UVOLUME = U ae2aee 2000
52 TOTAL DEPTH OF TRENCH = DTRNCH 092270 2000

53  CUT AND CQUER SIDE CUT SLOPE = SIDESL 002280 0000
S4  VOLUME DISPLACED By CONC. BOX = UBOX 002290 0008

55  VOLUME OF CONCRETE IN BOX s UL 002300 o0ee
56 AREA OF BOX FORMS = FORMAR 202310 0000
S7  PUMPING HEIGHT « PH 002320 9000
58 LENGTH OF PIPE FOR PUMPING INFLOWS 002338 Q000

UPHILL « PIPL 002340 0000
59 AUG PUMPING FLOW IN TUNNELS « FLOW 002350 0009
60 RESIDUARL GROUNDWATER INFLOW « GIR 002360 00008

81 PUMPING FLOW, ONE DEEP WELL = FLOUL 0202370 00@@
62 CHAR DEPTH OF SUPPORTS « WEB, TPLATE 002380 0000

63 FOR ROCK OR SOFT GROUND ----- 90239e 2000
SOIL LQAD = PSQIL 002400 2000
FOR CUT AND CQUER ----- 0024102 0000
WT/FT OF WALER = UTWALE 002420 0000 :
64 FOR ROCK OR SOFT GROUND ---~- 002430 0000 A
WATER LOAD = PUWATER 002440 0000
FOR_CUT AND COUER ===-= 002450 02000
WT/FT OF STRUT = UTSTRT 202460 2000 1
65 FOR ROCK OR SOFT GROUND ----- 002470 0000 :
PSQIL+PWATER = PTOTAL 202480 ddc¢e
FOR _CUT AND COUER =-=---- 002492 @000
WT/FT QF ANCHORS = WTANCH 2082500 20090
66 WT/FT OF UNDECKED SOLD. PILE « UTSP 202510 2000
67 WUT/FT OF DECKED SOLD. PILE = WTSPD 002520 0000
€8  NUMBER OF UELLS » WELLS 002530 0800
TRDATACI,J) . TUNNEL REACH DATA (1=REACH NUMBER) 002540 0000
ITEM J = 1 EXIT SHAFT FOR REACH = NSHAFT 002552 0092
2 TUNNEL SIZE = BF 002560 eede
3 TUNNEL SHAPE s ISHAPE 202570 0eed
(@ OR BLANKCUT AND COVE ©02580 0edd
1=CIRCLE, 2<HORSESHOE, BASKéTHANDLE 222590 0000
4  MUCK TRANSPORT METHQD » 202600 Q000
(@ OR BLANKsCUT AND COUER 002610 2000 +
1eTRUCK,2°CONVEYOR, 3=RA] 2ec620 0eee

OO0 OOANOOOOOHOOONOOOOOO0

4-TRUCK¢CONUEYOR IN COHP ‘a1Rr) 002630 o000

(Continued)
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COSTUN Listing (Continued)

¢ §  SEGMENT SEGUENCE ~U 3:& AT UWICH REAC 202640 0020
¢ EXCAVATION BEGINS » NRSEG3 202658 0020
¢ 6 NUMBER OF SEGMENT5 IN REACH » NSE3S  ©@E6EQ 020
¢ - INDICATES REAZH GOES FROM RT TC L 002570 0020
é « INDICATES REACH GOES FROM LF 0 F 00268¢ 0200
¢ 7  PEAK REACH MUCK REMOUAL RATE :CY/HR) 002650 0000
| ¢ 8  UWORK HOURS PER DAY = HOURS 002710 0200
. b3 « RMLMAX OR IPRML 002700 2020
: ¢ § WORK DAYS PER WEEK = DAYS 00270 0000
: ¢ 10 FOR ROCK OR SOFT GROUND ===-= 222730 0002
, ¢ NUMBER OF sustn SETUPS » SETLSW 002748 0000
| ¢ FOR CUT AND COVER ----- 002750 2000
; I numnen OF uuxrs IN BCX WIDTH « NBOX 902760 0000
;‘ ¢ 13 FOR ROCK OR 50FT GROUND ----- 202770 0000
g ¢ NUMBER OF MOLE SETUPS  SETUPM 202782 000e
: ¢ FOR CUT AND COVER =-=-- 202790 0000
é ¢ TOTAL FINISHED BOX WIDTW = BFBUDT 202800 2000
: ¢ 12 FOR ROCK OR SOFT GROUND -==-- 002810 0000
¢ NUMBER OF RIPPER SETUPS = SETLFR 202820 0000
¢ FOR CUT AND COUER =-=-= 202830 0000
; ¢ TOTAL FINISHED BOX HEIGMT » BFBHT 00284¢ 0000
¢ 13 DOUBLE BOX DESIGN = I1BOX2 202850 0000
¢ (@ OR BLANK=NQ, 1sDOJBLE BOX: 0@256¢ 0200
¢ 14 FOR ROCK OR SOFT GROUND =---- 002870 2000
¢ TOTAL LENGTH IN COMPRESSED AIR = DTCA 922880 20020
¢ FOR CUT AND COVER =-=-- 202890 0000
¢ DEWATERING TIME = TIMEDU 202900 0009
¢ 16  TOTAL LENGTH REGUIRING COOLING = DTC @@29:i¢ 02902
¢ 16 MAX LENGTH OF CUT IN WHICH BACKFILL @@292¢ 2009
¢ CANNOT BE PLACED s« OPEN 002930 0000
¢ 17  TOTAL COST OF LABOR IN REACH = RCL 0029540 0000
¢ 18  TOTAL CO5T OF EQUIP.IN REACH » RCE  0@295¢ 2000
¢ 19  TOTAL COST OF MATERIAL IN REACH « RCM 0@2960 @000
¢ 20 TOTAL COST OF REACH = RCT 20297¢ 0000
¢ 21 MAX CC EXC VUOL TO DISPOSAL » UDS 0029E0 @000
1 ¢ 22 VOLUME OF CC BACKFILL FROM CURRENT 202990 @002
i ¢ EXCAVATION » UBACEX 203000 0000
¢ 23 UOLUNE or CC BACKFILL FROM PREUIOUS 003010 @009
¢ DISPOSAL = UBACDS 203020 0000
¢ 203030 0000
¢ B(I,J) ...... SHAFT SEGMENT annnv (1 » LOCA*ION GF SEGMENT IN 203840 2000
¢ ‘B’ ARRAY, « AS BELOW 203050 Q0eo
¢ ITEM Jo suarr NUMBER « nswarv 223060 0000
¢ 2 GHAFT SEGMENT NUMBER = NSSEG 203070 coeo
¢ 3 UPPER NODAL POINT OF SEGMENT NPT 003080 0000
c 4 LOWER NODAL POINT OF SEGMENT « NPB 003030 @008
¢ 5  ROCK STRENGTH = RS OR JRS 223100 0000
¢ 6 R.0.D. = RGD OR JROD 203110 0000
¢ 7 EXCAUATION METHOD « MEX P03120 000@
g (@ OR BLANKeNONE, 1sDRILL AND 203130 o0ee
¢ BLAST, 2+MOLE(ROGK), 3=MOLE(SOIL) 003143 2009
¢ 4sHanD) 203150 0000 |
¢ 8 HEADING ADUANCE RATE = AR 2903160 9000
¢ §  GROUNDWATER INFLOU « GI 003170 2900 ~
¢ (Q=DRY, 1eUET) 00318¢ @ooe B
¢ 10 anxuc TvPE = LINING 903150 @300
¢ (Q°UNLINED, 1eCIP CONC 003200 0000
¢ 2eSHOTCRETE, 3<PRECAST conéaETe 203210 0000

(Continued)
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COSTUN Listing (Continued)

Ll
sl U

TOTUH o= - e
[oR-"T . 1. . BXT. .}

W v
O W-J

CUT AND COUER BOX)
LINING THICKNESS = TL OR [T OR TSEG
SUPPRESSION OF FORMUWORK COSTSeNQFCRM
(@ OR BLANK=POSSIBLE CCSTS, 15 PPRESS
GROUNDWATER ELEUATION =« ELLATR
n'ERTIGhT LINING REQUIREMENT = LINUT

(@ IR BLANKsNO, L1sWLRTERTIGHT
SHAFT SEGMENT TYPE = NSSTYP

(1=ROCK, 22SCFT GROUND,

JeCUT AND CQUER)
EFFECTIVE GRAIN SIZE = D10
SOIL COHESION e COHESN
SOIL UNIT WEIGHT = GAMMA
ANGLE OF INTERNAL FRICTION s PHI
ELEVATION OF IMPERVIOUS LAYER = ELIMP
DEWATERING ALLOWED s« IWATER

(Q OR BLANK=NC, 1eALLOLET!
SUPPORT TYPE e ISLPPT

(1eCACET IRQN

SEGMENTS, 2+CONCRETE SEGMENTS,
JeGTEEL SEGMENTS, 4«STEEL RIBS .

INING SeQPEN CUT

5011 PERMERBILITY = BEAM

STABILITY NUMBER = STRBNO

STABILIZATION METHOD » MS™aB
(@ OR BLANK=NONE, 1<COMPRESSED
AIR, 2+DEUATERING, 3eGROLND INJ.)

USE OF STABILIZATION METHOD = FMuST
(19COSTUN SELECT, 2+CCSTUN SELECT
ONLY IF COLLD NCT BE EXCAueTED,
3+USER SELECT ONLY IF COULD nof
BE EXCAURTED, 4=USER SELECTS,MUST
USE,EVEN IF MSTAB@:

AIR PRESSURE » AIRPR

ACCEPTABLE INPUT STABIL.METHOD= MSTAC
<1-accspraaLs.a-uunccepfnaLz:

CHaR EXC. DIMENSION = BE

r \)r CK ‘‘‘‘

CHER. EXC. DIN%NSAON AT RGD*40 « BE4C

N

ROC
CHAR., EXC DIMENSION AT RQDe6Q = BEoe
FOR SOFT GRQUND -----
PSQIL+PUATER =« PTOTAL
CHAR., EXC. DIM. u/0B = BOB
CHAR, EXC. DIM, W/0B , RGD+42 - BOB4@
CHAR. EXC. DIM., W/0B , RQD~60 = BOBEEC
SEGMENT LENT= o GSEGL
HOISTING MEIGHT o WM OR SEGDEP
MLCK LOACING RATE IN SEGMENT « RML
EXCAVRTED VOLLME « v
ULTIMATE ADJUANCE RATE » ARSULT
CONSTR, TIME EXC. + LINING o (TSS
CHAR. DEPTH OF SUPPORTS = WEB/ TPLATE
PUMPING FLOW, ONE DEEP WELL = FLOWL
WATER LOAD =« PYATER

(Continued)
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COSTEN

[Listing (Continued)

SHAFT(I,J) .. SHAFT INFORHRTION (JeSHAFT NUNBER) 203809
ITEM 1 LOCATION IN THE ‘B’ ARRAY IN WMICH "M CC3IBLO
FIRST SHAFT SEGMENT CF S<AF~ I 15 003820

STORED » NSSEG!L 093830

2 NODAL POINT AT TOP QF SHAFT e NFTS 003840

3 NODAL POINT AT BOTTOM QOF SHAFT » NPBS 0@3850

4 NUMBER OF SEGMENTS Ih THIS SHAFT 003860

= NSEGS 203870

5 DISTANCE TO THWE DISPCSAL SITE = DDS 093880

6 COST OF DISPOSAL SITE = CDS CR ICDS 20385

7 SHAFT SIZE « BF 203900

8 DEPTH OF SHAFT 203910

9 TOTAL UOLUME OF EXCRUATED MATERIAL 003920

S TCTAL VOLUME OF EXCAUATED MATERIAL 003820

TO BE TAKEN OUT THRU THIS SHAFT 003930

10 PEAK MUCK REMOUVAL RATE SHAFT (CY/KWR) 003940

= RMLMAX OR IPRML 903950

11 AVERAGE SUMMER ABOVE GROUND AIR 203960
TEMPERATURE AT TOP OF SWAFT « AIRTEM 003570

OR IARTEM 203960

18 COST FACTOR FOR LABOR « CFL 203950

13 COST FRCTOR FOR EQUIPMENT s CFE 0040020

14 COST FACTOR FOR MATERIALS = CFI Q04010

1§ REGIONAL COST FACTOR = RCF Q04020

16 SHAFT SHAPE » ISHAPS 004030

(@ OR BLANKsDUMMY, 1eCIRCULAR, 004040

2¢SQUARE ) 004050

1?7 WORK HOURS PER DAY = HOURS 004060

18 WORK DAYS PER WEEK = DAVYS 004070

19 TOTAL COST OF LABOR IN SKAFT = SCL 204089

2@ TOTAL COST OF EQUIP IN SHAFT s SCE 004050

21 TOTAL COST OF MATERIAL IN SHAFT = SCM Q204100

22 TOTAL COST OF SHRFT s« SCT 204110

23 PORTALS = NPQRT 004120

(QeTRUE SHAFT,1«PORTAL) 004130

LIST(I) ..... ARRAY OF PRINTOUT OPTIQONS 204140
ITEM I = § NODAL POINT ELEVATIONS 004159

2 TUNNEL INPUT DATA Q4160

3 SHAFT INPUT DATA 204170

4 CALCULATED TUNNEL DATA 204189

S CALCULRTED SHAFT DATA 204190

6 TUNNEL SEGMENT AND REACH COSTS 004200

? SHAFT SEGMENT AND SHAFT COSTS 004210

8 TUNNEL REACH COST SUMMARY 204220

S SHQFT COST SUMMARY 004230

10-40 UNUSED AT PRESENT 004249

IF TWE bALUE oF LIST(I) IS 2ERQ OR BLANK, LISTING OF 00425¢
ITEM WILL OCCUR. IF UALUE IS ONE,LISTING LILL BE 004260
SUPPRESSED. ITEM NUMBER IS SAME AS DATA CARD COLUMN 004270
NUMBER. 4280
204299

204300

004310
------------------------------------------------------------- 004320

@
EEXAXKERXXE INPUT TUNNEL SYSTEM LOCATIONS AND CHARACTERISTICS * o

(Continued)
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COSTUN Listing (Continued)

COMMON /BASIC/ Nss NTS

COMMON <&/ LO, LI, PM,OM LIST(40), TITLE(160),5TRBEG,ITVYPE

COFAON /F/ xsﬁ ﬁ 10 .
DIMENSION a(NTsnax 68) B(NSSMAX,43),CNF(NPMAX,2),SHAFTINSMAX,23),
1 TRDATA(NTRMAX,23)

——— - -~ - - - - -

ISTOP«0Q
1300323002833 32¢28 3833032338 3038 3022000803033 330208033¢33¢¢33338¢¢24

IPR+0
READ NODAL POINTS AND STORE IN CORE XXXXXXXXEXXKXXEXEX

INITIALIZE NODAL POINT ARRAY
DO 1S Ie1,NPMA
CNP(I,2)--10, E30

NeNODRL POINT NUMBER, VYeNODAL POINT ELEURTION
READ(LI,1000) N,v
CHECK FOR HXSSING SEPARATOR CARD
IF (Y.LT.S50000.) GO TO 21
ISTOP » |
WRITE (L0, 1500)
GO TO <25
CONTINUE
CHECK FOR END OF NODAL POINT COORDINATES
IF(N.EQ.9999) GO TO 3@
IF(N.GT . NPMAX,OR.N.LE.@) GO TO 25

CHECK FOR_PREVIOUS DEFINITION OF THIS NODAL POINT
IF(CNP(N,2).GT.~10.E29) ISTOPs]
IF(CNP(N,2).GT.-10.E29) WRITE (L0,1013) N
CNP(N,2)eY

GO T0 2@

URITE(’O 1601) N,NPMAX
18TOP

GO TO 20

END OF NODAL POINT INPUT
CONTINUE

1332202000000 08 800888083383 38¢3033 ¢33 333833339883 33¢33¢2¢8¢4831
READ TUNNEL SEGMENT INFORMATION AND STORE XXSXXXXXKEX

INITIALIZE TUNNEL SEGMENT ARRAY

DO 40 Ie1,NTSMAX

ACl,1)e-10.E30

INIFIALIZE THE nsacu ARRAY

DO 4% I=1,NTRMA

rnonra(z.1>--1e.sae

%-SEGNENT SEQUENCE NUMBER

(Continued)

334370
Q9438¢
204350
924400
024410
204420
004430
304440
004459
804460
004470
204480
0044390
0045020
004510
004520
004532
204540
204550
204560
204572
20458
004530
004600
004612

004940




COSTUN liisting (Continued)

0494¢ 0000
¢ gutcx FOR_nax NUMDER oF SEGHENT CARDS 204550 0200
F(I.LE.NTSMAX) GO TO S2 204960 9ede
& CHECK FOR END OF TUNNEL SEGMENT DaTA. NDUMeDUMMY SEGMENT NUMBER 9084980 9009
S1 READ(LI,1080) NDUM 004550 2000
1F (NDUM.£0.9999) GO TO 75 005000 0000
WRITECLO,1816) NTSMAX 095¢10 0000
18TOPa1 205020 9000
GO TO 51 005030 0000
¢ c——— cemmcmeeemeveccam—ceemetemrmecsmseesseestactmmocamrea—- 095040 0000
¢ 005050 2200
$2 CONTINUE 005060 2000
READ SEGMENT DATA FRONM CARD 205070 0000
READ(LI, xoos> (AC1,J),J%1,3),AC1,45) ,(AC1,0),Je4,16) 265080 0000
NTSEGeA(I 205090 2000
NREACHAA(E)4) 205120 0000
NTSTVP=A(1,16) 285110 0008
€ emmmmmmmm et e ceeicammeeeem s oo 205120 0000
¢ CHECK FOR  LAST TUNNEL CARD 225130 9008
IF(NTSEG.EQ.9599) GO TO 75 205140 0000
CHECK FOR MISSING SEPARATOR CARD 005150 0000
IF(NTSTYP.NE.@) GO TO 53 205160 0000
ISTOP = 1 205170 0000
URITE(LO 1501) 005180 0000
53 CON 205190 00ee
G memmmmmmemmemcmmmme— e ec——re—ccec e mememamecmmmeese———ea= 005208 0000
¢ CHECK FOR PROPER TUNNEL TYPE CODE 005210 0000
IF(NTSTYP.GE.1.AND.NTSTYP.LE.3) GO TO §3@ 006220 0000
1STOP. 005230 0000
URITE(LO,2000) NTSEG,NREACH 005240 0008
GO 10 426 005250 0000
530 CONTINUE 005268 0000
€ meemeemmeacicme——meee—cesecccacccsacescem-masemscce—mema—e—memae 00527¢ 0000
¢ READ SECOND SEGMENT DATA CARD IF NOT ROCK TUNNEL 005280 0000
IF(NTSTYP.GT.1) READ(LI,1006) (A(I,J),J%17,33) 005290 0000
€ mmmeemmmemmmmmemmmon e e 005300 0000
¢ GHECK FOR PREVIOUS usz OF REACH NUMBER 205310 0000
IF(I.EQ.1) GO TQ 635 @0532¢ 0000
1:<nnsaca EQ. 1PR) 00 TO 54 205336 0000
IFCTRDATA(NREACH,1).LT.-10. ;E28) GO TO 535 205340 0000
UR!TE(LO 1022) NFSEG,NREAC 005350 0000
1sT0P 005360 2000 E
535 TRDATﬂ(NREACH 1)e0, 00537¢ 0000
§4 CONTINUE €0538¢ 2000
o D S 005350 0000
¢ CHECK THAT TUNNEL SEGMENT CARDS HAUE BEEN PROPERLY ARRANGED 005400 2000
IF(1.EQ.1) GO TO §7 005410 9000
86 IF(ALT 30 EQoAti-1 3)) GO 0 57 205420 0000
ggxr:zto 1015) NTSEG,NREACH 333:3: gggg
4
§7 CONTINUE 005459 0000
€ sem e eceetee oo ce—m—eecmm—eeca—eemeeccemamcameean 005460 0000
¢ CHECK THAT ALL TUNNEL NODAL POINTS WAVE BEEN INPUT 00547 0000 i
NPLeA(I, 905430 0000
NPReACT)3) 205492 000¢
ELNPLCAP(NPL,2) 005500 000
ELNPR«CNP (NPR, 2) 905510 0000

(Continued)
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COSTUN Listing (Continued)

ELAUGe (ELNPL+ELNPR )/,
088 CHECK FOR NOTAL INPUT

F(ELNPL.GT.~10.E38.AND. ELNPR.GT ~10.€29) GO TO 58
URIT‘(LO 1031) NTSEG,NREACH

gggcz rog PROPER EXCAUATION METHODS IN TUNNEL SEGMENTS
.
xr(n:x &:.x AND.MEX.LE.7) GO TO 6§

18T
gR!TE(Lg.1030)NTSEG.NREACH

EﬁEEx'EGE'SEoFEE'EiEZGS?IBR'EE?GSB'FSE'?G&REE'?GSE";SEEEEiEB""
IF(NTSTYP.EQ. l AND.MEX.GT. 2) GO

965520 2000

905539 d3e0

TO 659
IF(NTSTYP.EQ.2.AND.MEX,LT. 3, 0R.NTSTYP.EQ.2.AND.MEX.GT .51 GO TO ©50@ 305670 ($134

IF(NTSTYP.EQ.3.AND.MEX.LT.6) GO TO 650

GO TO 655

ISTOPe1

WRITE(LO,2005) NTSEG,NREACH

CONTINUE

E?E%ﬁc‘2?1C°NTRhDICTION OF SPECIFYING A THICKNESS FOR NO LINING
IF(NTSTVP NE 1.0R.LINING.NE.®) GO TO 67

TLea(l, 1

IFCTL. te 9.001) GO TO 67

U?ITE(LO ,1045) nrssc NREACH

187

CONTINUE

CHECK FOR PROPER LINING TYPE CODE
lVPﬁgS 8H€CK FOR PROPER LINING CODE

G T

IFC(LINING.GE.@.AND.LINING.LE.3) GO TO 68
WRITE(LO,1043) NTSEG,NREACH

ISTOP={

CONTINUE

. - = - - S - - - - - - - - -

CHECK FOR PROPEﬁ LINING CODE FOR TUNNEL TYPE SPECIFIED

IF (NTSTYP.LT.3.AND.LINING.NE.3.0R.NTSTYP .EQ.3.AND.LINING.EQ.1.0R.
1NT$;YP .EQ.3.AND.LINING.EQ.3) GO TO 70

6gITE(LO 2010) NTSEG,NREACH
éﬁaéi’?&i’ﬁﬁ&%iéé'ii?é'RS?'ESEEIFEEB """"""""""""""
IF AR £9.0.92 GO T0 71

EEEEE'FSE'ZSGQEEE'ES?E'EEE;'?QER';'F?:BLQ """""""" T
IF(AR.0T.0.9) GO

18TOP.
UQITE(LO 1055) NTSEG NREQCH

CHEC( FOR ROCK STRENQTH GREATER THAN S99 PSI
R§-A(1,6

(Continued)
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COSTUN Listing (Cont inued)
IF(RS.LT.508. .AND . NTSTVYP, EG 1 URITE(LO 1069 ) NTSEG,NREACKH 02 50 gggg
¢ D D
HECK FOR PROPER UﬂTERTIGHT CODE 80 0e0e
¢ E NUTsA(L,15 006090 0000
I (LINUT.‘O 9.0R.LINUT.EG.1) GO TO 7190 026100 2200
ISTOPey 006110 0000
URITE(LO.EOlS) NTSEG,NREACH 006120 0000
710 CO TINUE 006130 Q002
€  ~escecccce—ceccsreccceccccsececeseececcesceseecoes~-sesscasees-———oe- 006140 2000
¢ ALL CUT AND COVER BOX SEGMENTS ARE DESIGNED AS UATERTIGHT - 206150 2000
¢ INPUT IGNORED 206160 Q000
¢ IF(NTSTYP.EQ.3.AND.LINUT.EQ.9) WRITE(LD,2017) NTSEG,NREACH gg:i;g 8:88
c A LINING OR SUPPORT MUST BE SPECIFIED WHEN WATERTIGHTNESS REGUIRED 006198 0000
ISUPPTeA( 6) 26500 Q00
IF(LINUT.EQ,@.0R. LINING.GT.Q) GO TO 7 Q06210 @000
IFINTSTYP.GT.{.AND.ISUPPT.LE.3) GO T0 711 006220 20200
ISTOPey 206230 Q000
URITE(LO,2020) NTSEG,NREACH Q26240 @000
[ Ot S T Rt Q26250 2000
c CHECK IF GROUNDUGTER ELEVATION NOT INPUT AND WATERTIGHT REQUIRED 006260 @00
711 ELUATRsA(] 026270 0000
¢ IF(LINUT, Eé 1.AND ELUATR.EQ.8.) URITE(LO 2025) NTSEG,NREACH gggggg gggg
c CHECK IF TUNNEL TYPE NOT ROCK ﬂND GROUNDWATER ELEV. NOT SPECIFIED Q06300 Q000
c IF(NTSTYP.GT.1.AND.ELUATR.EG.Q) URITE(LO,2025) NTSEG,NREACH ggggég gggg
¢ CHECK FOR PROPER TUNNEL CODE IF RQD IS LESS THAN 2S. 006330 000
RQD=A(1,6) 006340 2000
IF(NTSTYP.GT 1.0R.RQD.GE.25.)G0 TO 712 006350 0000
1870 006360 0000
UR!TE(LO 2039) NTSEG,NREACH 006370 0000
712 CONTINUE 906380 20090
£  w-=s=s-c-ccscmccccecccccte oo cct e ceccemcemee—secc—ocmcce e e 006350 0000
c IS TUNNEL IN SOFT GROUND AND RGD GREATER THAN 5. 006400 20200
IF(NTSTYP.EQ.2.AND.RGD.GT.25,) WRITE(LOD,2035) NTSEG,NRERCH 006410 2000
L e e O L E S PR PO DL P LS L 006420 0000
% CHECK FOR RGD BETWEEN @ AND 100. 926432 0000
1F{RGD.GE.Q.6.AND.RQD. LE 100.) GO TO 713 206440 2000
URITE(LO 1062) NTSEG,NREACH 006450 0009
I1§TOPey 006460 0000
¢ GOt ettt it e e D O S DO DL DL DS L) 206470 Q000
¢ CHECK REMAINING Dﬁfﬁ IF TUNNEL IS NOT IN ROCK 006480 ¢000Q
c 713 IF(NTSTYP.EG.1) GO TO ? gggggg 2000
¢ CHECK THﬂT TUNNEL SURFACE NODAL POINTS WAUE BEEN PROPERLY ARRANGED 006510 0000
IF(I.E GO TO 7130 Q06520 0000
c CHECK FOR PREUIOUS SEGMENT IN ROCK 206530 0edQ
NSTYPE=A(I-1,16) 206540 Q€
IF(NSTYPE.EG 1) GO Y0 7130 006550 Q060
NPLS'Q(I, 206560 2000
NPRSsA( 1~ 1l 006570 ¢
XF(NPLS EQ NPRS) GO0 TO ?713¢ 006580 200¢
18TOPe} 006590 0000
¢ URITE(LO 2049) NTSEG,NREACH gggg:g ::g:
7130 NPLS-A(I 1?7 206620 000¢
NPRS-Q(I 18) 006630 0000
(Continued)
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COSTUN Listing (Continucd)

U L

L .cNP(NPLS.ﬁ) 006649 0300 f
E Np*‘ 006650 2000
¢ r aLL %uu«zL SURFACE NODAL POINTS HAVE lt:u INPUT 008660 0000
xr( LNPLS 6T.-10.£29.AND.ELNPRS.GT.-10.E26) GO TO 7 006679 0080
ug;TE(Lo 8045) NTSEG, NREACMH 3:2233 :3:: j
» » ]
g e foThuE geres seas |
¢ CHECK THAT SURFACE NODAL POINT ELEUATIONS ARE ABOUE TUNNEL ELEV. 906720 0990
§;§gkNPLs .GE.ELNPL .AND.ELNPRS .GE.ELNPR) GO TO 71§ 332333 33:3
WRITE(L0,2050) NTSEG, NREACH 00675¢ 0000
¢ . -- e06760 0000
¢ CHECK xr :rrscrxu: GRAIN SIZE IS INPUT 006770 0000
716 Die=a(l 206780 0000
x:<n1o.6r.o) GO TO 716 906790 0000
1510P=1 006800 2000
WRITE(LO,2055) NTSEG,NREACH 826810 2020
§  mmeecmmesemmemmescmesmcecoecemeeoes—sesscmcecmmemsessemescecsemces 006820 0000
¢ CHECK THAT PHI AND/OR COMESION ARE SPECIFIED 006830 0000
s 716 PRIsA(I,20) 006840 0000
e COMESN=A(I,21) 206850 0000
: xr:vnx.cr.é.on.conssu.cr.ex GO TO 7160 206SE0 0000
1STOP={ 206870 0000
WRITE(LO,2060) NTSEG,NREACH 006880 0000
7166 CONTINUE 906899 300
g Semmmmcccecam-e-e ———- - 006900 100
¢ CHECK FOR POSSIBLE ERROR IN PERMEABILITY INPUT 006919 189
PERMeA(I,25) 006920 ¢ .00
. IF(PERN.T.10) URITE(LO,2061) NTSEG,NREACH gggggg 3333
¢ CHECK IF PHMI GREATER THAN 45 - WARNING, OR GREATER THAN 100 -ERROR 906950 0900
IF (PHI.GT.45.) unnmo aosa) NTSEG, NREACH 906960 0000
IF (PHI. LT 100.) GO TO 7 906970 0000
IsToP- 006980 0000
unxrztno.aosa) NTSEG, NREACH 206990 0000
¢ - 207000 0009
¢ CHECK xr cnnnn GREATER THAN 200 207019 2099
7165 GANMA=A(T,22) 007020 2000
IFCGAMMA, Lz 208.) GO 10 717 097030 0000
ISTOP=1 007040 0000
URITE(LO 2064) NTSEG, NREACH 007050 0000
(o Qe tuiutut ek ettty LD 007060 0000
¢ CHECK FOR pnonsn DEWATERING CODE 207070 0000
717 IUATER=A(I,23) 207080 0000
xwzxuarza éo.o.on IVATER.EQ.1) GO TO 7170 067290 00€2 :
1STOP»1 007100 0000 ;
WRITE(LO,2065) NTSEG,NREACH 007110 0000
¢ 00?7120 9000 ,
¢ CHECK IF IMPERUIOUS Lavsa 1S A REGUIRED INPUT 207130 9000
7170 IF(NTSTYP.EQ. 360 T 007549 9000
MSTABeA(I, 31 007150 0000
PUST=ACT 32) 207160 €000
F(musT.8E.3.aND. MSTAB.NE.23 GO TO 7188 007170 0000
xrzzunrss. £0.0,0R,PERM.LT.10.E~10.AND.D19.LE.9.08.0R.PERM.GT. 007180 0000
119.E-19.AND.PERM.LE.9.0006) GO TO 7188 907190 0000

¢ CHECK IF DEUATERING ALLOUED AND IMPERVIOUS LAYER NOT SPECIFIED 207210 0009
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COSTUN Listing (Continued)

¢ INPERUIOUS LAVER NOT SPECIFIED FOR CUT AND COUER 207228 9900
R AR 207830 6000
] S ILIAP-£6.9.0) URITE(LO,2070) NTSEG,NREACH 827240 9008
€ gHECK IF TAPERUIOUS LAYER ELEVATION IS DELOU SURFACE ELEVATION 007260 8000
ELSURF » (ELNPLSSELNPRS )2, 037270 0000
CECERTnP LE ELSUHF) 80 30 7180 007280 0000
STCBat 207390 8000
unxtstno,aove) NTSEG, NREACH 207300 8000
2180 & 007310 0000
o I O I e s oo mme e e e eem --- 027320 0000
¢ CHECK IF opsn CUT 18 ENTIRELY IN ROCK 297390 8600
ELROCK=A(1,27) 007340 0000
. SFNTSToR €873, AND. ELROCK.EQ.ELSURF) GO TO 7185 897358 0300
¢ cHECK TF IMPERUIOUS Lavsn IS AT THE SURFACE AND GRAIN SIZE INPUT 007370 0090
¢ DOES NOT INDICATE A CLAY 207380 2000
IE(ELINP. LT, ECSURF . OR. D10.1E.2.005) GO TO 7185 207390 0000
I1STOFs 007400 0000
URITE(LO 2073) NTSEG,NREACH 007410 0600
7185 CONTINU 007420 0000
¢ e S 207430 0002
IF(MEX.E0.7) GO TO 7205 007440 0000
CHECK FOR PROPER SUPPORT CODE 287450 0000
IF(ISUPPT.GE. 1.AND. ISUPPT.LE.6) GO TO 719 007460 6000
1§TOP=1 007470 0000
URITE(LO,2075) NTSEG.NREACH 097480 0000
719 CONTINUE 007490 0600
¢ T Leeail —mmeeemcm—accmem e e —————- 207500 0000
€ CHECK FOR PROPER SUPPORT CODE FOR TUNNEL TYPE SPECIFIED 007510 0000
IF(NTSTYP.EQ.2.AND. ISUPPT .LE.4.0R . NTSTVF .EQ.3.AND. ISUFPT.GT.4) 987520 edee
169 10 720 207530 0800
1STOP- 207540 0000
URITE(LO,EOBO) NTSEG, NREACH 007550 0000
720 CONTINUE 207560 0000
§ ' mmmmmcemmmcmaeeee 007570 0000 i
¢ CHECK FOR PROPER LINING CODE FOR SUPPORT TVPE SPECIFIED 007880 0000 :
IF(1SUPPT.LE.3.AND. LINING.EG.0) GO TO 7205 297590 0060
IF(ISUPPT.GT.3.AND. LINING.EG.0) Q0 TO 7800 007500 0000 A
IF(ISUPPT.EQ.4.AND.LINING.NE.3) GO TO 2205 027610 0000 ,
1F (ISUPPT.GT.4.AND. LINING.NE.2) G0 TO 7208 007620 0600
7200 ISTOPe1 207630 0000
URTTE(L0,2085) NTSEG,NREACH 007640 0000
§  ChEck IF sorT GROUND TUNREE' ) 997680 oeae
7205 IF (NTSTVP.E0.2) GO0 T 007670 0000
¢ 007680 2009
€ CHECK FOR ROCK ELEU, IF TUNNEL IN GUT AND COVER 907690 0009
IF (ELROCK.EG..6) URITE(LO,2050) NTSEG,NREACH 297700 0009
€ ChEok 1F ROGK ELEVATION 15 lELOU GROUND SURFACE ELEVATION 007750 5096
IF (ELROCK. LE .ELSURF) GO T0 7216 907730 0008
1576 207740 0000
URITE(LO 2092) NTSEG,NREACH 007750 0008
[T SONT sa7730 s0es
¢ gHEGK IF DX DEPTH 15 GREATER THAN 100 FEET 207786 0008
DTUNSELSURF-ELAVG 067758 0006
(Continued)
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COSTUN Listing (Continued)

¢ IF(DTUN.GT.100.) URITE(LO,2094) NTSEG,NREACH =:;=,. azz

¢ (.9 FO! PROPER BRACING CODE 007820 0000

ACE' (1,88) 007830 2000

l £.8E.0.AND. IBRACE.LE.3) GO TO 723 007840 0909

m‘u Lo, 2e95) nrsEa, meEAcH se78cs case

] L)

73 ¢ Tf 007820 0000

¢ -=== 007880 0000

¢ CHECK IF CU‘I‘ QND COUER (VERTICAL) AND BRACING CODE NOT SPECIFIED 007890 0000

DROCK=ELS ELRO 907900 0090

IF(I)RME GT 9. OR.HEX NE.6.0R.DROCK.LT.0.1) GO TO 784 007910 0009

1STOP» 007920 0000

URITE(LO.RIOO) NTSEG, NREACH 007930 0000

¢ gattet - ceve--=== 007940 0000

¢ CHECK FOR PROPER DECKING CODE 007950 0000

724 IDECK=A(1,293 027960 000e
IF(IDECK.£G.0.0R. IDECK.EG.1) GO TO 74 007970 Q0o .
1§TOP=1 207980 0000 :
URITE(LO,EIOS) NTSEG, NREACH 007990 0200 !

GO TO ? 008000 0000

ey ey e e T ee 208010 9000
725 SHECK FOR WIGH STADILTY NUMDER - Nav RESULT THAT JOB UNEXCAVATABLE 008020 2000

o0

xr(srnsno LE 9 AND.PHI.LT.29.0R.STABDNO.LE.7.AND.PHI.GE.29) 008940 0000
1 co 008050 0000
1870 008060 0000
URITE(LO.EIIS) NTSEG, NREACH 008070 €000
¢  emmme-- --- cemmmeccececascese e a—n————- 80868¢ 0000

¢ CHECK FOR PROPER STABILIZATION METHGD CODE 098050 0000
725¢ MSTAB=A(I,31) 008100 0090
IF(MSTAB.8E.9.AND.MSTAB.LE.3) GO TO 726 008110 0000
IsTOPe1 008120 0000
URITE(LO,2120) NTSEG,NREACH 208130 0000
€  emmmmeemdecemmaec e e - 008140 0600
¢ CHECK roa PROPER USE CODE FOR STABILIZATION METHOD 908150 0600
726 MUSTeA(I,32) 008160 0000
IF(huST. 8E.1.AND.MUST.LE.4) GO TO 727 0081790 0000 3
1STOP» 008180 0000 b
WRITE(L0,2125) NTSEG,NREACH 008190 2000
¢ S SRR R S 008200 0000
¢ CHECK FOR AIR PRESSURE INPUT IF STABILITY NUMBER INPUT AND 008210 0060 ,
¢ AIR PRESSURE STABILIZATION INPUT 008220 2000 :
727 AIRPReA(I,33) 008230 0000 ;
xr«srnnuo GY.9.0.AND.MSTAB.EQ.1.AND.AIRPR.EQ.2.9) GO TO 7270 008246 0000 5
GO T aa 008250 0000 %
737¢ 1ST o 008260 0000
unxr:(Lo.axao) NTSEG, NREACH 008270 0000
728 ¢ 008280 0000
¢ 008290 0900
¢ CHECK FOR USE CODE <4 WHEN STﬂlILITv nun)sa 1§ SPECIFIED 008300 0000
xr«srasuo EG.0.0.0R.MUST.E0.4) GO T 008310 9000 {
ISTOP 008320 9000 !
URIT!(LO 2136) NTSEG,NREACH 008330 0000 !
729 CONTINUE' 008340 0000 i
% CHECK IF STABILIZATION HETHOD NOT COMPRESSED AIR BUT AIRPR GT @ 33332: 333: ;
IF(MGTAD.EG.1.OR.AIRPR.EG.0.) GO TO 7296 908370 !

903370 0000
1STOPs1 008380 0000 4
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COSTUN Listing (Continued)

WRITE(LD,2137) NTSEG,NREACH
7290 CONTINUE

""" F"?Z'IZH;?fBQ'EE?QEE';EGEEE-GE;Q'G§E':55"""‘"""""
g?fﬁngn.g:.’.aN MUST .£G.4.0R . ASTAB. 7.9, AND. AUST .£0.3. 0R..
1MSTABEQ 3. AND.AUST. (73) 65 70 730
URITE(LO 2140) NTSEG,NREACH

730 CONTIN

------------------—---—----_----------—--------------------—------

CHECK IF STABILIZATION NETMOD 15 INPUT
IF(MSTAB.EQ.@) GO TO 74
CMECK IF STABILIZATION METHOD IS ACCEPTABLE
GO TO (?31,732,733), MSTAB
AIR PRESSURE -- CHECK IF SOIL 1S A GRAVEL

731 IF(PERM.LT.10.E-10.AND.D10.GT.2.) GO TO 734
IF(PERM.GT.0.4) GO TO 734
CHECK IF SOIL 1S CLAV
IF (D10.LE.0.005) &0 737
CHECK IF TUNNEL ABOUE GROUND WATER TABLE
IF(ELUATR.LT.ELAUG) GO TO 7
CHECK TF UATER WEAD LESS THan 115 FEET
IF (ELUATR-ELAVG.LE.115.) GO TO 737
GO TO 734
DEVATERING -~ CHECK_ xr DEUATERING 15 ALLOWED

732 IF(1UATER.EG.Q) GO T
IF(D10.LE.0.005) GO TO 73
CHECK IF TUNNEL 15 ABOUE GROUND UATER TABLE
IF(ELUATR.LT.ELAUG) GO TO 734
CHECK_IF SOIL IS FINE SAND OR COARSER OR IS REASONABLY PERMEABLE
IF(PERM,.LT.10.E-10.AND.D1@.GT.€.98) GO TO 737
IF (PERN. GT.0.0006) GO 10 737
GO TO 734
GROUND INJECTIONS —- CHECK IF SOIL IS NOT CLAv

733 IF(D10.5T.2.005) GO TO 737
STABILIZATION METHOD IS NOT ACCEPTABLE

734 MSTACe2
CHECK IF USE CODE EQUALS 4
IF(MUST.EG.4) GO TO 735
URITE(LD,2145) NTSEG, NREACH
GO TO 738

735 ISTOPe1
WRITE(LO,2147) NTSEG,NREACH
GO 70 738

STABILIZATION METHOD IS ACCERTABLE
737 MSTAC=1
738 A(1,34)*MSTAC
74 IPRsNREACH

o et P o - =~ = - -

GO TO S@
END OF TUNNEL SEGMENT DATA
75 CONTINUE
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COSTUN Listing (Continued)

OO0 OO0

o0on

o0 (g 1e] OO0

QO

81

82

84

84e

85

850

851

ERXEEERXERE XX S EEARXTAERXREXXEEBARKEXERXRKXRKAT AR EXRREXRXIF XX CXEARN K

NTSal-4
‘l!!%ll!ll!i‘l!il!*l!tlll!!lltlt‘!tllllt!llllll!l!llllelthllllll

READ REACH DATA FOR TUNNELS

INITIQ%IZE RE:C: ARRAY
TRDATA(I,1)e-10.E30

READ REACH DATA FROM CARD
READ (LI,1020) NREACH, NSHAFT,BFT, ISHAPE,MTM, HOURS, DAVS
1BFBUDT, BFBHT, IBOX2, ISEPCK

IF (NREACH.E0.9999) GO T0 86

CHECK FOR MISSING sspaamoa CARD

}g(ISEPCK .€0.2) GO T

URITE (L0, 1502)

GO TO 425

conrznus

1F (NREACH. LE.NTRMAX . AND .NREACH.GT.@) GO TO 84
WRITE(LO, 1621) NREACH,NTRMAX

1STOPe1

GO To 81

CONTINUE

- - = Y = 40 T T " - " e - .-

CHECK FOR FINISHED DIMENSION BETUEEN 10 AND 4@ FEET

- -

€,NBOX,

IF(ISHAPE .GT.9.AND.BFT.LT.10@..0R.ISHAPE.GT.0.AND.BFT.(GT.40.)

1URITE(LO, 1864) NREACH

CHECK IF TUNNEL SIZ2E INPUT AGREES WITH SHAPE CODE

4
IF(DFT.EO. +AND. ISHAPE .EG.Q.0R.BFT.GT.@.AND, ISHAFE.GT.Q) GO TO B840 8

ISTOP=1

IF(ISHAPE.GT.®) WRITE(LO,2158) NREACH
IF (ISHAPE.EG.Q) WRITE(LO,2151) NREACH
CONTINUE

- 0 e 4 - S S = o = = -

CHECK FOR PREVIOUS USE OF REACH NUMBER
IF(TRDATA(NREACH,1).LT.-10.E29) GO TO 85
lilglg)E (L0, 1026) NREACH

CONTINUE

CHECK FOR PROPER MUCK TRQNSPORT HETHOD CODE
IF(MTM.GE.@.AND.MTM,LE.4) GO T

WRITE(LO,1041) NREACH

ISTOPe=1

CONTINUE

" o e P - -

CHECK FOR PROPER TUNNEL SHAPE CODE
IF(ISHAPE .GE.Q.AND.ISHAPE.LE.3) GO TO 851
UglgE(LO ,1042) NREACH

CONTINUE

CHECK IF SNAPE CODE AGREES WITH MUCK TRANSPORT METHOD

(Continued)

A37

928970

209540 0




COSTUN Listing (Countinued)
IF(I;NGPE LGT.0.AND. . MTH.GT.0.0R. ISHAPE .EQ.0.AND.NTM.EQ. ¥} 30 TC 852 009550 0000
ISTQPe 003560 0020
IF(ISHAPE.EQ.Q) WRITE(LD,2152) NREACH 009572 08094
IF(ISHGPE.GT [ ] UR(TE(LO 2153) NREARCH 209580 020@
3 852 CONTINU gggggg 4444
1 (o] LT T L ettt dabeiatetatabe e DL L Db L L Ll Lol et el el b W .- - - 000
F c CHECK IF WORK HOLS®S PER DAY IN PROPEP RANGE 209610 9009
8 IF(HOU S.GE.Q. .AND,.HOURS.LE.24.) GO TO 853 209620 000
r 1STOP. 009630 0009
: URITE(LO,EISS) NREACH 009640 0000
z 863 CONTIN 00965¢ 200
; G Semm—mmemecemmsecmeeseessem~emeses—memcec=ccee—oooos T 209660 000
' c CHMECK IF UORK DﬂVS PER UEEK IN PROPER RANGE 209670 2032
] IF(DAYS.GE.4..AND.DAYS.LE.?..0R.DAYS5.EQ.Q.) GO TO 854 p0968¢ 20
- ISTOPet 209630 2038
L URITE(LO,EIGO) NREACH 009700 0090
{ 854 CONTINUE 00971¢ Q000
‘ ° 15 THIS AN UNDERGROUND HEADING RATHER THAN CUT AND COVER 20§750 000
IF(ISHAPE GT.2) GO TO 858 009740 Q002
{ 2 weemmesccamccccccmcccccacceneaSeemese e eeme e e— e e ceeecece——meoe- 209750 2000
c CHECK FOR INPUT VALUES FOR BOX WIDTH AND HEIGHT 009760 0Q0e
IF(BFBUDT.GT.0.0.AND.BFBHT.GT.2.0) GO TO 855 009770 0000
» ISTOP=1 209780 0000
WRITE(LO,2165) NREACH 209790 0e0e
855 CONTINUE 209800 Q00e
‘ C =w=emcemeca—mcecccmcecmccmmmccicmcmes——cmeem e o me—cee——eec——-eeo- 009810 0000
; c CHECK IF TOTAL CLEAR BOX WIDTH EXCEEDS 40 FEET 209820 Q0ee
E IF(BFBUDT.GT, 40 ) URITE(LO 2179) NREACH 009830 ¢00de
[ et trstteb el LD DLt bt e DL LS DAL L e D D 009840 0000
E c CHECK TYPE OF BOX SECTION 009850 Qoee
IF(1BOX2.£Q.1) GO TO 857 205860 0000
: € mmmmmmmmme e ooeemmeme oo moemmemeeoasoome—oo——moeaeee 029870 0009
1 c SINGLE LEVEL BOX -- CHECK IF NUMBER OF BOX UNITS IS SPECIFIED 0098802 0000
] IF(NBOX GT.9) GO TO 856 203850 Qeee
f I1STO 209900 0000
i URITE(LO 2175) NREACH 009910 @eee
’ 856 CONTINUE 209920 0009
,i §  mmmeeemmecceeeemeee e ccm e emeemmee e e ceeeeecmeeaccceeooo 029930 0000
‘ ¢ CHECK IF BOX HEIGHT 1S GREATER THAN 20 FEET 009940 0000
IF(DFBHT.GT.EO.) WRITE(LO,2180) NREACH 209959 0009
1 GO TO 858 009360 0009
€  =emcecccccccccccccncscccccceccreessecccscccceccece s —cmsscenccene oo 009870 2000
c DOUBLE LEVEL BOX =~ TWO UNITS HIGH QND TWO UNITS WIDE 280998¢ 000e
C CHECK IF TOTAL CLEAR BOX HEIGHT EXCEEDS 4@ FEET 209990 0000
857 IF(BFBHT.GT:40.) WURITE(LO0,2185) NRERCH 210000 0000
858 CONTINUE 210010 000¢@
€ Semmmmemcmeee oo B 210020 2000 '
. TRDﬂTﬁ(NRFRCH 1 )aNSHAFT 010030 0000
TRDATA(NREACH,2)eBFT 210040 200¢
3 TRDATAINREACH , 3) e TSHAPE 210050 0000
TRDATA(NREACH, 4 1o TM 210060 0000
TRDRTG(NREQCH 8)=HOURS 210070 0000
TRDQTQ(NREQCH 9)eDAYS 210080 @202
| TRD&TQ(NREQCH 10)=NBOX 010090 00
TRDATA(NREACH, 11 )«BFBUDT 010100 0002
1 TRDATA(NREACH, 12)=BFBHT 010110 ¢ i
b TRDﬂTﬂ(NREhCH 13)=1B0X2 012120 ¢
i GO TO 81 010130 000d
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COSTUN Listing (Continued)
I T T T e gi:28 205
ND OF REACH INPUT 101
¢ 6 §o~7° 2.016¢ 200
C  memec i eeecmmceecemm—cmem——cccmeesecsemss-essessmeemeee eeo—ne- 218170 0000
¢ CHECK REACH AND s:cn:nr INFORMATION FOR COMPATABILIT 210180 0200
¢ Jo T TTTTTUTSTTTTTTeTTTSTtImmTISTTTSommmmoooees Mt 3‘8;38 gooe
DO 87 le¢ N . 200
NREACH=A( S, 4 210210 Q000
NTSEGeA(T, 1 210220 0000
NTSTVP-M! 16) 0:0230 0
MEXeA (] aie24 e@ee
lrt-tnb&tnxnasacn,a) 2.9250 2000
ISHAPES TRDATA (NREACH, 3) 210260 0000
MTMeTRDATA (NREACH, 4) 210270 0000
1SUPPTeA(T,26) 0:0280 0000
M5TABeA(I, 31 210290 0000
MUST=A(I, éa) 210300 0000
NPLeACI,2) 0:0310 0200
NPRea(1.3) 010322 0000
ELNPLeCRP(NPL,2) 010330 0000
ELNPRsCNP (NPR, 2 ) 0:0349 0000
ELAVGe (ELNPL+ELNPR) /2. 210350 0002
ELUATReA(], 14) 010360 0000
ELIMPeA(],24) 210370 0000
¢ IF THE TUNNEL SEGMENT IS MOLED 115 SHAPE MUST BE CIRCULAR 010380 2000
IF(MEX.NE.2.AND.MEX.NE.3) GO TO 860 910390 0002
IF (ISHAPE.EG.1) GO TO 860 210400 0000
WRITE (L0, 1040) NTSEG,NREACH 010418 0000
ISTOP.1 210420 0000
860 CONTINUE 210430 0020
€ eeemmmcmemcmcccmmcecmcmccemce—easesseomsc—oemmesoeesscemccsomaso= 010440 0000
¢ CHECK FOR CUT AND cousn OR ROCK TUNNEL 9104508 00090
IFCNTSTYP.NE.2) GO TO 865 910460 2000
C  mmmmememelec i meed i ccesmmacmmee—cmmmesemsemeeaemeee 010470 0000
¢ CHECK IF IMPERUIOUS LAYER IS A REQUIRED INPUT 010480 0000
IF(MUST.GE.3.AND.MSTAB.NE.2) GO TO 861 010490 0000
IUATER«A(T,23) 210500 0000
D10eA(] 19) 010510 0000
PERMeat f,2 010520 0200
xF(IUATsﬁ @.0R.PERM.LT.10.E~10.AND.D18.LE.@.08,0R.PERM.GT, 210530 0009 ‘
110.E-10. ann PERM.LE.@.0006) GO T0 861 919540 0000
, ¢ CHECK IF IMPERUIOUS LAYER IS ABOUE TUNNEL WHEN DEWATERING MAv 010550 0000
] ¢ BE USED AS A STABILIZATION METHOD 010560 0000 ;
IF(ELIMP.LT.ELAUG+BFT/2.) GG TO ssx 210570 2000
URITE(LO,2196) NTSEG,NREACH 010580 0000
acl a4:-£Lnuc BFT/2. 210590 0000
861 CONFIN 010600 0200
3 §  mmmmmem e e—meemmmcec—memmmmm—ecmeememmmeeem———m—e—e 210610 0002
¢ CHECK IF TRUCK TRANSPORT 1S SPECIFIED AND COMPRESSED AIR REGUIRED 010620 0€00
IF(HTM NE.1.0R.MSTAB.CT.1.0R.MSTAB.EQ.@.0R.MUST.LT.4) GO TO 863 010630 0000
ISTOP 010640 2000
: unzrsrno 2195) NTSEG,NREACH 210650 0000
{ 863 CONTINUE’ 010660 0000
€ memmm e ecmecemee—coccccecmmmaeo e meco——mecocoomecmemo—e oo 010670 0009
¢ CAST IRON TUNNEL SUPPORT - CIRCULAR TUNNELS ONLY 210680 0000
IFCISUPPT.GT.1,0R. ISHAPE.EG.1) GO TO 865 210650 0000
1STOP. 010700 000 4
WRITE(L0,2200) NTSEG,NREACH 010710 0000
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COSTUN Listing (Continuced)
TINUE 010720 Qeee
¢ O fies uiny coeel Tee 216740 2006
CHECK IF SWAPE CODE AG WITH TU v

¢ IF(NTSTVP.LT.3.AND. ISHAPE.ST.0) GO TC 867 210750 2000
};;n;szvp "EQ.3.AND. ISHAPE .£0.0) GO 16 86 810750 2002 }

IF(NTSTYP.LT.3) URITE(LO,2201) NTSEG,NREACH 210780 2000

. IF(NTSTYPIEQ.3) URITE(LO,22802) NTSEG,NREACH 019732 0000

¢ CHECK FOR CUT AND COUER_EXCAUATION 010810 2002

867 IF(NTSTYP.NE.3) GO TO 87 210830 0000

. BFBHT s TRDATA(NREACH, 13) 818830 0000

¢ CHECK _IF SOUND ROCKX LINE 1S ABOVE BASE OF TRENCH AND RGD IS LESS ©19850 2020

¢ 210860 2000

noo-a<x 210865 0000

EOROGK AT, 27) 210870 00ee

IF(RGD.GE.5. .OR.ELROCK.LT.ELAUG-BFBHT/2.) GO TO 869 210880 0020

IF(RQD.GE. ES.J URITE(LO,2203) NTSEG,NREACH 010850 0000

IF(RQD GE.25.) G& 10 ged 210900 000

1STOPs 010310 200e

URITE(LO 2204) NTSEG,NREACH 210520 0000

869 CONTINUE 210930 0000

oS-k et PSP UP SRS I S 010940 2000

¢ CHECK FOR WATER TRBLE ABOUE BASE OF TRENCH AND ABOUE IMPERUIOUS 010950 0009

¢ LAYER FOR SLOPING CUT EXCAUATION -~ IWATER MUST EQUAL 1 010960 2000

IF(MEX.NE.?) GO TO 87 210970 2000

IUATER=A(I,23) 210980 Q000

IF(JUATER.EG.1) 6O TO 87 018958 000e

IF (ELUATR.LT.ELAUG-BFBHT/2..0R.ELUATR.LE.ELIMP) GO TO 87 211000 Q000

15TOP=1 - 011010 0000

URITE(LO,2205) NTSEG,NREACH 011020 2000

€ | mmemmmmmemeieen el O PSSP S 211030 Q0ee

87 CONTINUE 011049 2006

¢ 211050 0000

g P2 33028 2000089388303 00 038008083830 03¢33 0304393303803 083393¢33330%¢894¢ giiggg gggg

[+ READ SHAFT SEGMENT DATA XXXXXXEXXXXXXAXXKEEXAXAXEEXKX 011080 @0eo

¢ 911090 0000

¢ INITIALIZE SHAFT SEGMENT ARRAY 911100 0000

0 88 I=1,NSSMA 011110 0000

g8 s(x SR Eae 911120 0000

¢ INITIﬁLIZE THE SHAFT ARRAY 211130 0000

0 89 I-1,NSMA 011140 0000

8s suarrcz 15noT6 30 211150 0000

1P5-0 01116@ 0000

I-2 211170 2000

90 IeI+1 211180 0000

¢ e1115e 2000

€  mmmmm e e mccmmam—mceecccececom—cmmo e meee 011200 0000

¢ CHECK FOR MAX NUMBER OF SHAFT SEGMENTS 011210 2000

. IFC(I.LE.NSSMAX) GO TO 95 811220 09as

¢ CHECK FOR END OF SHAFT SEGMENT DATA. NDUR=DUMMY SEGMENT NUMBER 811240 €000

91 READ(LI, 1020 011250 0000

TECNDUN S0 999860 TO 130 211260 0000

WRITECLO,1817) NSSMAX 211270 0000

OFe{ 211280 0000
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COSTUN Listing (Continued)

|
!

GO T0 91 2:1250 0000
¢ 2:1300 0002
€  emeemcecmsmmccmemce—cocm—cescesm—ceeceeeeeeesesemeseeee—e—e—e———— 011310 0000
¢ READ suarr sscncnr nnva FROM cann 91320 2000
95 READ(LI B(I,J),J=1,15) 011332 0200
sug;7.itx 1) 011340 0000
nsssc-s(x ) 2:1350 0e0e
NESTYPeB(f,15) 211360 9000
€ ecdeccemarliliceecememceeeae- g S 211370 0000
¢ CHECK FOR LAST SHAFT CARD 211380 0000
IF (NSHAFT.EQ.9959) GO TO 130 0113%@ ee0e
IF (NSMAFT.LE.NSMAX . AND . NSHAFT.GT.9) GO TO 190 011400 0000
WRITE(LO,1034) NSHAFT,NSSEG,NSMAX 911410 0000
I1STOP=1{ 211420 0000
108 CONTINUE 211430 2000
€ e eeemeeemecmemmmm—mecmesem—semm e cccecmcmemcamc————em—eae 21144¢ 000
¢ CHECK FOR MISSING SEPARATOR CARD 211452 0€09
rr:nssrvp NE.@) GO TO 101 011462 0000
IsTOP. 211472¢ o000
URITE(LO 1503) 011480 0000
101 CONTINUE 211490 0002
C  mmmme e eeceeccccwme e memem e emcme e 011500 0020
¢ CHECK FOR PROPER SMAFT TYPE CODE 211510 2000
1r<n557v9 GE.1.AND.NSSTYP.LE.3) GO TO te2 211520 0000
1$T0P 211530 0020
URITE(LO 2207) NSSEG,NSHAFT 911540 0000
GO TO 42 011550 0000
102 cour:nus 011560 20ce
§  eeecm~—cm—eecaccoecm s sccee—ommmm—memmeemaemeeesseecec—meemeeeas 011570 0000
¢ READ SECOND SEGMENT DATA CARD IF NOT ROCK TUNNEL 211580 2000
IF(NSSTYP.GT.1) READ(LI,1008) (B(I,J),Je16,27) 211590 0000
S-St el np it oheu PR st e RS 211600 0000
¢ CHECK FOR pnsuzous uss OF SHAFT NUMBER 211610 0000
IF(I.EQ.1) GO T 211620 0000
1F (NSHAFT.EQ. IPS) co 10 106 21163¢ 0000
IF (SHAFT(NSHAFT,1).LT.-10.E29) GO TO 105 811640 000
URITE(LO,1023) NSSEG,NSHAFT 911650 0000
STOPs1 911662 000@
195 SHAFTINSHAFT,1)e8, 011670 000e
106 CONTINUE 011680 2000
o et . 91169¢ 0000
¢ CHECK THAT SWAFT SEGMENT CARDS HAUE BEEN PROPERLY ARRANGED 211700 0000
IF(1.EQ.1) GO TO 168 e1171¢ 200
IF(IPS.NE. NSHRFT) co T0 108 011720 2000
IF(B(I,3).EG.B(I-1,4)) GO TO 108 011730 2000
unxrscto 1115) NSSEG.NSHAFT 011740 0000
1STOP 211750 0000
. 108 CONTI NUE 011760 0009
oSO 211772 0000
¢ CHEZK THAT ALL SHAFT NODAL POINTS HAVE BEEN INPUT 211780 @000
NPT+B(I, 011790 @000
NPBeB(],4) 211800 @000
ELNPT«CNP (NPT, 2) 011810 0eee
ELNPBCNP (NPB .2} 211820 @eed
IF(ELNPT.GT.~10.E29.AND.ELNPB.GT.-10.E29) GO TO 110 011830 0000
URI;E(LO ,1131) NSSEG,NSHAFT gxiggg gggg
1
110 CONTINUE 211860 2000 i
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Lo et e TP PR PP 011970 oe0e
¢ cuzcx FOR SHAFT BEING A PORTAL, IF so,nsccnn THIS FACT 011830 ocee
NPORT«0 011890 o000
IF(NPT €Q.NPB) NPORTs| 211300 o00e
SHan(Nsnan 23)*NPORT e1191e Q@@
IF SMAFT 1S A PORTAL ,SKIP THE FOLLOWING INPUT CHECKS 211920 o00e
IF(NPT.EQ.NPB) GO TO 128 011930 0000
LT e L T e T T TTEr U, 011942 Q020
¢ CHECK FOR pnopea EXCAVATION METHOD 011950 Q02¢
MEXsB (I Q11968 2009
IF(HEX &E @.AND.MEX.LE.4) GO TO 112 01197¢ 0200
ISTOPs 911980 002¢
URITE(LO 1029) NSSEG,NSHAFT 211990 o000
112 CONTINUE 212000 0009
o e T LT T 0120190 0000
¢ CHECK FOR nunnv SHAFT AND BYPASS FURTHER CHECKS 21202e eeee
LINING-B(I 212030 0200
RSeB(I 012040 0000
non-s<f s 213050 @200
IF(NSSTYP £Q.1.AND.RS,LE.9. . AND.RGD.LE.Q. 012060 2000
.AND.MEX.EQ.8.AND.LINING.EG.Q) GO TO 129 012070 0000
113 CONTINUE 212080 Q00
L O O R O e i TR PR, 012090 @000
CHECK FOR PROPER EXCAUATION METHOD FOR SMAFT TYPE SPECIFIED 212100 2000
IF(NSSTYP.EQ.1.AND.MEX,LT.1.0R . NSSTYP . EQ. L .AND.MEX.GT.2) GO TO 114 Q12110 22¢Q
IF(NSSTYP.EG.2.AND.MEX.[T.3) GO TO 114 012120 Q0ee
IF(NSSTYP.EQ.3.AND.MEX.GT.05 GO TO 114 212130 eoee
GO TO 115 Q12140 0000
114 ISTOP=1 212150 eeee
WRITE(LO,2210) NSSEG,NSHAFT Q12160 eoee
€ mmemece e e e mcemem e a e 212172 @00e
c CHECK ron ADUANCE RATE NOT SPECIFIED 012180 2000
115 AR<B(I 212190 eaee
IF (AR, éo.e @) GO TO 120 212200 Q000
----------------------------------------------------------------- Q12210 Qeoe
CHECK FOR ADVANCE RATE LESS THAN @ FT,DAY 212220 2200
IF(AR.GT.2.0) GO TO 12@ @12230 @000
ISTOP=1 012240 2200
URITE(L0.1Q75) NSSEG,NSHAFT 012250 0000
L e R e Tt T T P 212260 9200
c cuscx FOR ROCK STRENGTH GREATER THAN 500 P51 012270 0008 1
120 CONTINUE 012250 0060
¢ IF(RS.LT.500..AND.NSSTYP.EQ.1) URITE(LD,1@70) NSSEG,NSHAFT gxgggg gggg ]
.................................................................. 1 4
¢ CHECK FOR PROPER SHAFT CODE IF non xs LESS THAN 25. Q12310 Q0ed
IF (NSSTYP.GT.1.0R.RGD.GE.25.) GO T 912320 00ed
I1STOPay 012332 0000 {
uRITE(LO 2212) NSSEG,NSHAFT 012340 2000
122 CONT 212350 Q0ee
€ mmmmme et e e e mmm e —m———————— 01236¢ o0ee
¢ 1S SHAFT IN SOFT GROUND AND RGD GREATER THAN 25 01237¢ 0000 3
c IF(NSSTYP ,EG.2.AND.RQD.GT.25.) WRITE(LO,2215) NSSEG,NSHAFT 8}2333 8838
¢ CHECK FOR RGD DETUEEN ? AND 100, 012400 2000
IF(RGD.GE.@.9.AND.RQD.LE.180.) GO TO 126 012410 000 :
?gXTE(EO 1072) NSSEG,NSHAFT 815433 gggg
124
126 CONTINUE 012440 €000
"
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COSTUN Listing (Continued)
¢ T L e ettt 012452
¢ CHECK FOR conrnanzcr!ou OF SPECIFVING A TWICKNESS FOR NC LINING Q12460
LININGeB(I,1 012470
IF(LINING.NE e OR.NSSTYP.NE.1) GO TO 127 012480
TLeB(I,11) 012450
1FcTL.(€E.0.001) GO TO 127 012500
WRITE (L0, 1046) NSSEG,NSHAFT 012510
I1STOP =1 012529
127 CONTINUE 912530
€ Ceemmememmememmemmmmmemceamemomee—meeece—meoeammemee——eeesao—ooe 012540
€ CHECK FOR pnopsa LINING TYPE CODE 01255
TFCLINING.GE.@.AND. LINING.LE.3) GO TO 1279 012560
WRITE(LO, 1048) NSSEG,NSHAFT 212570
15TOPs= 212580
1270 CONTINUE 912599
€ Do emmmi emmmc—memecc oo memmeemesscomssmes-mmeeeee—eeean 012600
¢ CHECK FOR PROPER LINING CODE FOR SHAFT TYPE SPECIFIED 212610
IF(NSSTYP.LT.3.AND.LINING.NE.3.OR.NSSTYP.EQ.3.AND. LINING.EC.3) 812620
160 T0 1272 012632
1STOPs1 212640
WRITE(LO,2220) NSSEG,NSHAFT 212650
oS e e T T LT TR 212660
¢ CHECK ron PROPER WATERTIGHT CODE 212672
1272 LINUT B(I 012689
IF(LINGT. éo e OR.LINJT.EG.1) GO TO 1274 012699
ISTOP 4 212700
URITE(LO 2225) NSSEG,NSHAFT ei2710
1274 CONTINUE 012722
e LT RS RS 212730
¢ ALL CUT nND COVER BOX SEGMENTS ARE DESIGNED AS WATERTIGHT - 012740
2 INPUT 1GNORED 012750
. IF(NSSTYP EG.3.AND.LINUT.EG.@) WRITE(LO,2287) NSSEG,NSHAFT eig;gg
¢ A LINING OR supponr MUST BE SPECIFIED WHEN WATERTIGHTNESS REQUIRED 912780
ISUPPTsB(] 812790
IF (LINWT. Eé o on LINING.GT.@) GO TO 1276 012800
IF(NSSTYP.GT.1.AND.ISUPPT.LE.3) GO TO 1276 012810
1STOPs1 212820
) WRITE(LO,2230) NSSEG,NSHAFT e;gggg
¢ CHECK IF cnounnunrsn ELEVATION NOT INPUT AND WATERTIGHT REQUIRED  81285¢
1876 ELUATR=B(I,13) 1286@
. IF(LINGT.EQ.1.AND.ELWUATR.EQ.@) WRITE(LO,2235) NSSEG,NSHAFT exgg;g
.................................................................. l
¢ CHECK IF SHAFT NOT IN ROCK AND GROUNDWATER ELEV NOT SPECIFIED 21285¢
¢ IF(NSSTYP.GT.1.AND.ELUATR.E0.0) WRITE(LD,2835; NSSEG,NSHAFT gxggeg
------------------------------------------------------------------ 1291
¢ CHECK IF GROUND WATER ELEVATION IS IN MIDDLE OF SHAFT SEGMENT 013920
§§;5Luara .GE.ELNPT.OR.ELUATR.LE.ELNPB) GO TO 1277 gxgggg
1
c WRITE(LC,2240) NSSEG,NSHAFT °133§g
------------------------------------------------------------------ 812
¢ CHECK REMAINING DATA IF SHAFT 15 NOT IN ROCK 012970
01277 IF(NSSTYP.EQ.1) GO TO 128 oxgggg
------------------------------------------------------------------ 21
¢ g?ecg xr Errscrzue GRAIN SIZE 1S INPUT 3133?8
l
IF¢ oze.&r.o) 60 TO 1278 013020
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E‘ COSTUN Listing (Continuced)
[ 18TOPe4

E WRITE(LO,2245) NSSEG,NSHAFT 013240 2002
?
i

CHECX TeAT PeI ANDOR COnESIoN mRE SPECIFIED 813388 s000
CHECK TMAT PHI AND/ HESION A
1278 PHI*B(1,19) 01327¢ 22280
COMESNeB(I.17 213280 0009
IF(PHI.GT.5. OR COMESN.GT.Q.) GO TO 1279 213290 Qeee
1sTop 213:00 coce
TE(LO 2250) NSSEG,NSHAFT 913110 0000
1279 co~Tx~u 21312¢ 2000
€ mmemmeic e cemm—ciemmeesmemececmedme;me—cesmesec—ceceecmooso 013130 2020
¢ CHECK FOR POSSIBLE ERROR IN PERMEABILITY INPUT 213140 0020
PERMeB(1,23) ©1316¢ o000
IF(PERM.GT.10.) WRITE(LO,2251) NSSEG,NSHAFT 213160 0229
T S e et e1317¢ 20ee
c CHECK IF PHMI GREATER THAN 45 - UARNING, OR GREATER THAN 108 -ERROR 213:i8¢ 0009
IF(PHI.GT.45.) URITE(LQ,2252) NSSEG,NSKAFT 01315¢ @280
IF(PHI.LT.180.) GO TO 1e8@ 213200 202¢
ISTOP»1 Qi321¢ 202e
URITE (10,2253 NSSEG,NSKAFT 0:322¢ Qeoe
[ L e P L ST PR ST 213230 Qeee
C CHECK IF GAMMA GREATER THAN 20@. Q13240 ¢ee?
1280 GAMMAsB(I,18) Q13250 oeee
IF(GAMMA.LE.200.) GO TO 1281 1326¢ vege
1STOP=y Q13270 ¢aae
WRITE(LO, 2254 NSSEG,NSHAFT 213280 2200 :
------------------------------------------------------------------ 213290 Qe :
¢ CHECK FOR PROPER DEWRTERING CODE 213300 Qege g
1281 IWATEReB(I,21) 913310 ¢eed
IFCIWATER.EQ.@.0R. IWATER.EG.1) GO TQ {282 013320 000 .
ISTOPsy Q13330 o0ee
WRITE(LQ,2255) NSSEG,NSHAFT 213340 Q002 ;
------------------------------------------------------------------ ©1335Q Qeee
CHECK IF IHPERvIOUS LAYER 15 A REQUIRED INPUT 013360 2000 ,
'282 MSTAB«B(] s 213376 2002
MUSTeB(1, 213380 @000
IF(MuST.cE.a.aND.msras.NE.a) GO TG 1284 213390 ceeod
IF(IURTER.EG.Q.OR.PERM,LT.10.E~12.AND,D10.LE.2.08.0R.PERM.GT. 013402 oc¢ee 3
11@.E~-1@.AND.PERM.LE.2.0Q06) GC TO 1284 213410 0000
o e e e T L e e e e 213420 Qeeod
¢ DEJATERING IS ALLOWED. CHECK IF IMPERVIOUS LAYER IS NCT 013432 2069
¢ SPECIFIED OR IF THE IMPERVIOUS LAYER IS ABQUE BASE CF SEGMENT. Q13448 0000
ELIMPeB(],b20@) 2:3450 0%@9
IF(ELIMP.£G.0.0) URITE(LD,226@) NSSEG,NSHAFT 013468 2200
IF(ELIMP.LE.ELPBS GO TO {284 213478 2a¢ee
1STOP=1 213480 o020
WRITE(LC,2262) NSSEG,NSHAFT 013490 200¢
1284 CONTINUE 913500 2e0¢
L Rttt T 213510 dCee
< CHECK “CR PROFER SUPFORT CODE 213520 o200e
IF(ISUPPT.GE.1.AND.ISUPPT.LE.5) GO TO 1285 21353¢ 90ee
ISTOPey 013540 20¢0
URITE<L0 2265) NSSEG,NSHAFT 91355¢ 2000 i
1285 CONTINUE 013560 2000 i
------------------------------------------------------------------ 013570 0000 i
c CHECK FOR PROPER SUPPORT CODE FOR SHAFT TYPE SPECIFIED 013582 2000
IF(NSSTVP.EG.E.nND.IsuPPT.GT.e.OR.NSSTVP.Eo.3.AND.ISUPPT.Ec.s) 213590 e¢eee
16O T0 1286 21360@ 2000

(Continued)




COSTUN Listing (Continued)

: G aidase oaee
uR E(LO 2270) NSSEG,NSHA 1
1286 CON I 2.3630 0200
¢ et i D Dt 913642 20922
¢ GHECK FOR PROPER LINING CODE FOR SUPPORT TYPE SPECIFIED @13650 0000
IF(ISUPPT.LE.3.AND.LINING.EQ.Q) GO TO 1288 2:3660 @o0e
IF(ISUPPT.EG.5.AND.LINING.EG.3) GO TO 1288 2:3670 o0ee
IF(ISUPPT.EQ. 4 AND.LINING.EG.@) GO TO 1287 013680 2000
IF(ISUPPT EG.4.AND.LINING.NE.3) GO TO 1288 013690 0000
1287 ISTOP 913700 0800
WR1 E(LO 2275) NSSEG,NSHAFT 013710 eoee
1288 CONTI 213720 00800
¢ —emememcccememmammmmms—c—eso—use Ammmmmmmeememcecs e 213730 00900
c CHECK FOR CUT_AND cousn SHAFT 213740 0000
IF(NSSTYP.EG.3) GO TC 129 213750 2000
€  eemmemmecicoliiceceesmmmmee—meccms—mess—me—cmeee——eco—eososooooo 913760 0000
¢ CHECK FOR HIGH STABILITY NUMBER - MAY RESULT IN UNEXCAUATRBLE JOB Q13772 4900
STABNO=B(I,2 913730 0000
IF(STABNG, LE. 9 AND,.PMI.LT.29.0R.STABNO.LE.7.AND.PHI.GE.29) 21379¢ eeee
1 GO TO 1289 913800 0002
ISTOPe1 213810 2000
WRITE(LO,2285) NSSEG,NSHAFT 013820 0000
¢ —memmmmmlee e e—ese——— e e e —mmemeaeocecocooeoooooooooo- 213332 eoee
¢ CHECK FOR PROPER STABILIZATION CODE 013840 0000
1289 nsraa-a 2s) 013850 0000
rcnstas GE.9.AND.MSTAB.LE.3) GO TO 1299 013860 2008
1570 013872 02002
uRITEcLo,aase) NSSEG,NSHAFT 213880 000¢ 4
o Tttt e e bl 913890 ooee g
¢ CHECK FOR PROPER USE OF STABILIZATION METHOD CGDE 213900 0000
129@ MUST=B(I,26) 013912 20@2 1
IF(MUST GE.1.AND.MUST.LE.4) GO TO 1292 913922 9020
18TOP 913930 000e
ua:rscLo,aass) NSSEG,NSHAFT 013540 oeee
€ memmmm e m e m oo cee e smemmmsm—mmo—so—-—ceoooooeoos 213950 000 "
¢ CHECK FOR AIR PRESSURE INPUT IF STABILITY NUMBER INPUT AND 213960 @02e
AIR PRESSUEE srastxzavlon INPUT 013970 0000
1292 AIRPR=B(I,2 013980 eoee
1F (STABNG" er e Q.AND.MSTAB.EQ,1.AND.AIRPR.EC.9.9) GO TO 3293 213952 0p0Q S
G0 TO 1294 014000 0000
1293 ISTOPs! 214010 @200
WRITE(LO,2300) NSSEG,NSHAFT 214020 ee0ee
1294 CONTINUE 214030 2000
£ memmmm o e a e e ccmeemmmmm—ecec——mcem———eommcm—eo—o oo 214040 €200 :
¢ CHECK FOR USE CODE=4 WHEN STABILITY NUMBER S SPECIFIED 014050 @800
Irrswnano EG.9.0R.MYST.EG.4) GO TO 1296 214060 0000
15TQP= 214070 0600
URITE\LO 2305) NSSEG,NSHAFT 214080 €000
1296 CONTINUE 214992 0002 i
o O T O e it 014100 0000
¢ CHECK IF STRBILIZATZON NETHOD NOT compnssssn AIR BUT AIRPR GT @ Q14110 2eeo
IF(HSTQD EG.1.0R,AIRPR.EG.2.) GO TO 12 214120 oee®
1870 214130 20ee
URITE(LO 2307) NSSEG,NSHAFT eL4140 2000
1297 CONTINUE 014150 0009 q
€ mecmemcmmcmcmmmcccacm e madcccemmsmceme——me—ceceessecceoseossa-coo 014160 2000
¢ CHECK IF STABILIZATION METHOD AGREES UITH USE CODE 014170 2000

IF(MSTAB.GE.@.AND.MUST.GT.2.0R. MSTAB,EG.9.AND.MUST.LT.3)60 TO 1298 214180 d0e@

(Continued)

A4S

sbdidete adtadfmnidl




COSTUN Listing (Continued)

1ST0P= 214190 2000
unxfstLo.aaxo) NSSEG, NSHAFT 014200 0000 ,
1298 CONTINU 014212 0000 !
C L L mmmmeeeccesamemmeececememmmmm—mc——cseco—eeesecmsecocesescmsescees 214220 0000 i
¢ CMECK 1F STABILIZATION METHOD 1S INPUT 014230 0000
. IF(MSTAD.EQ.0) GO TO 128 9i424¢ 002
¢ CHECK IF STABILIZATION METHOD 1S ACCEPTABLE 014260 2000
. GO TO (1309,1362,1304), MSTA 814279 9200
¢ AIR PRESSURE -- CHECK IF SOIL 1S A GRAVEL 014290 2008
1300 IF(PERM.LT.10.E-10.AND.D10.GT.2.) GO TO 1305 014300 0002
IF(PERM.GT.0.4) GO TO 1305 0143:0 2002
¢ CHECK IF SOIL 1S A CLAY 0l432¢ 0000
CFeDi0.LE.6.605) 60 To 1308 214330 0020
¢ CHECK 1IF SHAFT SEGMENT RBOVE WATER TABLE 214348 2020
IF(ELUATR.LE.ELNPB) GO TO 1308 014350 o0ee
CHECK TF UATER HERD LESS THAN 115 FEET 014368 2000
ELAUGe (ELNPT+ELNPB ) /2. 014370 0000
IF (ELUATR-ELAVG.LE.115.) GO TO 1308 214380 0000
GO TO 1305 214392 o0ee
€  eememmemmemcmemccmcmem—mc——ecmses—ccsaso—sesccseacomeeeocssesesns 214402 0000
¢ DEVATERING -- CHECK IF DEWATERING IS ALLOUED 014410 0000
1302 IF (IUATER.EQ.9) GO 1O 1305 014420 0000
¢ ChEo I e cROmENT ABOUE WATER TABLE 214430 0000
IF (ELUATR . LE .ELNPB) GO TC 1305 014440 Q000
¢ CHECK IF $OTL IS FINE SAND OR COARSER OR IS REASONABLY PERMEABLE 014458 2000
CREOERM L7 10,6210 AND D10. 070,08, G0 To 1308 014460 2000
, IF(PERM.GT.0.0006) GO TO 1308 014470 0000
GO TO 1305 014480 0000
! R T e e L EE L LR E L L L P L P L P e 214490 Q000
4 ¢ GROUND INJECTIONS -~ CHECK IF SOIL IS NOT CLAY 214500 0000
1304 IF(D10.GT.0.005) GO TO 1308 014510 0000
€ mmemeecmmceieeccecemce e eemeemmeeccmeemecee—e—ee—mee—meee 014520 0000
¢ STABILIZATION METHOD 1S NOT ACCEPTABLE 214530 0000
1305 MSTAC 014540 0008 3
¢ cuecx IF USE CODE =4 214550 0000
IF(MUST.EG.4) GO TO 1306 214560 0000 :
URITE(LO 2315) NSSEG NSHAF T 014570 0000 :
GO TO 1 014580 0000 3
1306 ISTOPe 214550 @000 i
URITE(LO 2320) NSSEG,NSHAFT 014600 0000 '
GO TO 1310 014610 0000 i
€ mmmmmmm e eceeecemeeecsee—e—meemmeememcce—eeceeee—eneeeen 014620 0000 .
¢ STABILIZATION METHOD IS ACCEPTABLE 014630 0000
1308 MSTAC 01464¢ 0000
1310 B(1, S8 enstac 914650 0000
e e e m———m— e ———————— 014660 0000 4
CHECK FOR [CQRRECT GROUNDUATER CODE 914670 0000 i
128 INFLOWeB(I,9) 914680 90 :
1F ( INFLOW . £3. 0. 0R. INFLOW.EG.1) GO TO 129 014690 00
JRITE(LO, 1645 NSSEG, NSHAFT 214700 20 ]
15T0P 214710 0000
c e T E E P L D e L LT L L PR S P L 014720 0000
129 IPSeNSHAFT 014730 €000
GO TO 9@ 214740 0000
¢ END OF SHAFT SEGMENT DATA 214750 0000
130 CONTINUE 014760 0000 k
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COSTUN Listing (Continued)

¢ 014770 @20
¢ SEXTERXXBERTAATEAAXXXSEXAXXXLEANKXXRTREARAXTAASKKAANAAS RN REXKXNSRL Q14780 0000
M giir it
g EREXR R R KSR R X AKX AR AR X K KA S R AKX E S X AR K XX ES XXX LRI B AR XS ERRLY g{.:gég Q200
¢ 2000
AD SHAFT PROPERTIES 214830 0000
£ pariant st e e st it
Cc N T ALl12 HAF A ARRAY
e 1, NSMAX 214860 2000
s BRI ik teee
132 SHAFT(I.1)e-
e 214890 2000
131 READ(LL, 1025 ERR=450) NSHAFT,BFS, ISHAPS,DDS, CDS, AIRTEN, CFL,CFE, 034900 8000
F URS, DAY 014910 8000
TF (RGHAET £ 9999) GO TO 139 214920 0000
¢ CHECK FOR PREUIOUS USE OF SHAFT NUMBER 014530 Po00
. 134 IF(SHAFT(NSHAFT,1).6T.-10.E29) UR'TE(LO 1027) NSHAFT 0:4940 0000
: IF (SHAFT(NSHAFT 1).GT.-10.E29) 1STQPe 014952 2000
i ¢ IF SHAFT IS PORTAL., ussa CaN-OMIT BFS. SET SIZE 214960 8000
| NPORT « SHAF T (NSHAF T, 2 214970 2000
‘ IF (NPORT.EQ.1) BF s-aa. 014980 0000
SHAFT (NSHAFT,5)+DDS 014550 2000
SHAF T (NSHAET. §)CDS 315000 3000
SHAFT (NSHAFT.7)<BF S 015010 2000 |
SHAFTCNSHAFT . 11 )sAIRTEMN 015020 €000 ;
SHAFT (NSHAFT, 12)eCFL 215030 0000
SHAFT(NSHAFT . 13)eCFE 015040 0000 |
SHAFT (NSHAFT, 14 )=CFM 015050 2000 q
SHAFT(NSHAFT, 15 )sRCF 215060 0000 '
SHAFT(NSHAFT. 16 ) ISHAPS 215070 0000
SHAF T (NSHAF T, 17 )= HOURS 215080 0000
SHAFT(NSHAFT. 18 )=DAYS 015090 0000
o e e S U 015108 0000
- ¢ CHECK FOR FINISHED DIMENSION BETWEEN 18 AND 4@ FEET 015110 0000
i IF (ISHAPS.GT.d.AND,BFS.LT.10..0R. ISHAPS.GT.Q.AND.BFS.GT.40.) 015120 0000 !
{ 1URITE(LD, 1074) NSHAFT 215130 0000 ;
I e T S 915140 0000 ]
¢ CHECK FOR PROPER SHAFT SHAPE CODE 215150 2000 !
Ir(xsunps GE.Q.AND.ISHAPS.LE.3) GO TO 135 215160 2000
1STOPe 015170 0000
URITE(LO 2325) NSHAFT 015180 @000
135 CONTINUE’ 015190 0000
€ s e e e e e en 015200 0000
¢ CHECK FOR spscxrxcnrrom OF PORTAL, BYPASS FOLLOWING CHECKS 015210 0000
IF(NPORT.EQ.1) GO TO 136 015320 0000
C e e e mm e e 215230 0000
¢ CHECK FOR SPECIFICATION OF DUMMY SHAFT 215240 0000
IF (154APS.£0.6) URITE(LO,2327) NSHAFT 015350 0ee0
ot PSS Sus et e O 215260 2000
¢ CHECK IF SHAPE CODE AGREES uITH INPUT SHAFT SIZE 215270 0000
§;(a;s .EQ.0.AND.ISHAPS.EG.0.0R.BFS.GT.0,AND. [SHAPS.GT.@) GO TO 136 ei5280 ggeo
1F( 1GHAPS . €0.0) WRITE(L0,2330) NSHAFT 015302 20ee
xrcxuunps GT.®) WRITE(LO,2332) NSHAFT 215310 00
136 CONTINUE 215320 0000
G R e e cm e mea s cmemcc e mmemmeom e 015330 200
¢ CHECK IF WORK WOURS PER DAY IN PROPER RANGE 215340 0000

(Continued)
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)
'

1F (MOURS .GE.@. .AND . HOURS . LE.24.) GO TO 137 215350 0020
SRITE Lo, SHAFT 312383 2322
v (10,2335) NSHA ]
137 courznut 915330 2000
€ sememmemcemcccaesseemmec e ocesemec——cmc—cmmceemcee—cmmmecmem—na 915392 0002
¢ cuscx IF JORK DAYS PER uee& IN PROPER nancs 215402 2002
navs GE.4..AND.DAYS ,LE.7..0R.DAYS.EQ.0.) GO TO 138 015410 2000
xsro 815420 poQe
ITE(LO 2340) NSHAFT 215430 2002
138 co~11nu 315440 2002
€ mmem— i eecccmcecmmee o rececmccm e ccccmcmcemcmccme——————- ?1545¢ 2000
SHnFT(NSHAFT 1)=0. 215460 0000
GO TO 131 215479 o000
¢ END OF SHAFT PROPERTIES DATA 015480 0000
139 CONTINUE 015490 0000
[ XEXRXXEERXXEEEARXKEEXXEREALXXXXEXXXXXT AKX AREAKKENLXXXXXXXATARANXEE 216632 00QQ
¢ 015510 0200
¢ 015520 0020
€  mmmemmemee et ce e m oo cccccceeme—mmcmm e mcmman 91553¢ ¢eeo
¢ MAKE SURE THAT ALL TUNNEL SEGMENTS HAVE REACHES DEFINED FOR THEM 015548 2890
DO 200 I~1,NTS 015550 2020
NTSEGeA (] 1; 21556¢ eee
NREACH=A(f, 4 215572 2000
IF(TRDQTA(NREACH,iJ.GT.O.) G0 TO 200 015580 0¢00
15T0Ps1 215590 0@¢eo
URITE(LO,1200) NTSEG,NREACH 21560¢ @20e
200 CONTINUE 015610 ¢@00
R e e T Ty L U O U LS 215620 0000
c CHECK THAT EVERY REACH NUMBER ASSIGNED HAS AT LEAST ONE TUNNEL @i5650 2000
¢ SEGMENT REFERRING b 015640 000e
DO 250 I+1,NTRMAX 215650 2200 ‘
Irzrnnnrn(x 1).LT.-10.E29) GO TO 250 015660 2000 !
NREACH 215670 0000
915680 0000 |
Q225 Jei,NTS 215690 0€00 |
Irzuasacu £0.RCJ, 433 JJey 915702 Qoee :
225 CONTINUE 215710 0008 |
IF (JJ EO 1) GO TO 250 215720 0¢e0 i
1510 0157308 @000 ;
URITE(LO 1203) NREACH 215740 0000 ;
250 CONTINUE’ 215750 2000 !
€ mm e e e e e 215760 0000
¢ CHECK TO MAKE SURE ALL SHAFT SEGMENTS HAUE SHAFTS DEFINED FOR THEM 015770 0000
DO 302 Ie1,NSS @1578¢ 000e
NSSEGeB (1 a> 21579¢ 0200
NSHAFT=B(f, 1 215800 0200

%;(3HQET(HSHRFT 27).6T7.-10.€29) GO TO 260

WRITE(LO,1201) NSSEG,NSHAFT

, 260 CONTINGE

¢ CHECK FOR PORTAL OR nunn; SWaFT Tt
NPORTSHAFT (NSHAF T, 2
ISHAPS » swnrr<~snar+ xs

] IF (NPORT.EG. 1.0R. rsuaps £G.0) GO TO 300

€ CHECK IF SWAPE CODE AGREES WITH SHAFT TVPE TTTTTTTTTTTT
NSSTYP=B(T,15) v g

(Continued)
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IF(NSSTYP.GT.1.0R.ISHAPS.LT.2) GO TO 279

ISTOP={
URXTE(LO 2345) NSSEG,NSHAFT
CONTINUE

- D B T T T D - " - - - " P e = R -

fﬂﬁ;P%RON SHRFT SUPPORT - CIRCULAR SHAFTS ONLY
-
g(ISHAPS éQ 1 OR.ISUPPT . NE.1.OR.NSSTYP.NE.2) GO TO 280

STOPs
URITE(LO,ESSOl NSSEG,NSHAFT
CONTINUE

IF THE S;AFT SEGMENT 1S MOLED, 1TS SHAPE MUST BE CIRCULAR
MEX=B )

F(HEX NE.2.AND.MEX.NE.3) GO TO 300

F(ISHAPS.EQ.1) GO TO 3e0

$TOP=1
WRITE(LQ,2355) NSSEG,NSHAFT
CONTINUE

- - - - - T - > - A D = o A - - - - - -

CHECK THAT EVERY SHRF; NUMBER RSSIGNED HAS AT LEAST ONE SHAFT

SEGMENT REFERRING
DO 350 Ie«i,NSMA
IF(SHAFT(I,1). LT -10.€29) GO TO 350
NSHﬁ Tel
J 4
Q 325 Je
IF(NSHQFT EQ B(J 1)) JJ=1
CONTINY
IF;JJ EO 1) GO TO 350

1STOP
URITE(LO 1204) NSHAFT
CONTINUE

- = P - = -

CHECK ALl REQCHES TO MAKE SURE THAT THERE IS AN EXIT SHAFT DEFINED

0 400 =1, NTRMAX

xF(TRnnTa(i 1).17.-10.E29) GO TO 409
NSHAFTsTRDATA(I, 1)

Ig%gHﬁFT(NSHAFT 2).6T.-10.E29) GO TO 4e@
URITE(LO,1208) I,NSHAFT

CONTINUE

- - - Y Y T e = . e -

CHECK FOR ANY STOPS FOUND

CONTINUE

IF(ISTOP.EG.®) GO TO 500

FATAL ERRORS DETECTED WHICH MAY MAKE FURTHER CALCULATIONS
MEANINGLESS. TERMINARTE RUN AND GO TC NEXT SYSTEM DATA DECK
WRITE(LO,1081)

CALL NEXSET(LO,LI)

RETURN

WRITE (L0.1504)
ISTOP .

GO TO 25

IF NO FATAL ERRORS

IFCLIST( 1).50 1) RETU
WRITE(LO, 1003)

LIST NODAL POINT DATA IF REGUESTED

(Continued)
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00 I=1,NPMAX
(1) Ig(gNP(I, ).GT.-10.E29) WURITE(LO,1004) ],CNP(I,2)

FORMAT(1X,14,5%,F10.0
:: rgnnar(/,— FaTal ennoa NODAL POINT”, IS, " MUST BE CHANGED TC A
tuu BER IN THE RANGE FROM 1 10 ', 14
2 FORMAT (414,F5.0,13,F7.0 3 9,13.Fa. Jo,F ,213,F5.0)
i:gg ;g:z:;:;;; 1ox§é Nonat POLINT éuavaN e
1005 ronnnr 3#4’o¢#a 6 r4 o,r7 9,F5.0,F3.0,F5.0,F7.0,F3.0,F6.0,F4.0,F2.

1006 FbRNﬁT(4K 8&4 ? F8 0§F4 .9,F7.0,F5.9,F3.0,F5.0,F7.9,F3.2,F6.0,F4.0,

1F2.0,F6.0.F2.9,F1.9
1007 angev<4r4 o ax F8. 6 Fa. e F3.0,F6.9,8F3.0,F6.0,F2.0,F6.0,F3.0,
1
1008 FORMNAT(16X,2F8.0,F4.9,F3.0,F6.0,2F3.0,F8.0 F2.0,F1.0,F5.0)

1011 FORMAT(/// 1X,131( %" ), /2Sx,'PRDGRAn §TOPPED BECauss OF "ERRCRS
N SUBROUTINE INPUT /,/iX,131(1m%)

1013 FORMAT(.,’ FATAL ERRSR, NODAL PoINT ,15,7 15 INPUTED ON TuG SEFP
1ARATE NODAL POINT CARDS)

1015 FORMAT(., * FATAL ERROR SEGMENT’, 15, IN REACH’ 1§ QUT OF
xseousnce CHECK DATA CARDS ARRANGEMENT OR FOR coéaEcT NODAL POINT

1016 ronnar(/ [ FATAL ERROR, ALIGNMENT INCLUDES MORE THAN THE -, 14,
SEGMENTS ALLOWED”
ALIGNMENT INCLUDES MORE THAN THE 14,

1
1017 roanar(z *"FATAL ERROR
1 SHAFT SEGMENTS ALLOU eb’)
rs 8,F4.8,13,2F5.0,13,25%,1
Ber’, 15, - "smduld s- ’ CHANGED TO

1020 FORRAT (314 LF6.0,813

1021 anga;</ © rATAL éanon Tneac?snun

1022 FORHAT(/.' FATAL ERROR SEGMENT*, 15, REFERS TO REACH', 1S, BU

17 THIS REACH NUMBER HAS BEEN PREUIQUSLY ASSIGNED.
1033 FORMAT(/, - FATAL ERROR, SEGMENT, IS, REFERS TO snnrr'.zs. BU
T THIS SHAFT NUMBER HA$ BEEN PREGIOUSLY ASSIGNED” )

1025 Fonnnr(14 F6.8,13,F8.0,F7.0,F4.8,4F6.0,F5.0,F4.0)

1036 FORMAT(/,  FATAL ERROR, DATA FOR REACH®,18,° HAUE BEEN SUPPLIED
1 ON TWO sspnaare REACH CARDS ‘)

102‘? FORMAT(/,’ FATAL ERROR, DATA FOR SHAFT', 1S, HMAUE BEEMN SUPPLIED
1 ON TWO §Epnnm's SHAF T’ CARDS )

10es FORMQY(/ © FATAL ERROR, EXCAURATION METROD IN SEGMENT', 15,  IN SK

5.° wAS NGT SPECEFIED Bv USING CODE ZERO(OR BLANK),1, §N3 g’l

1AFT-, 1
1030 FORﬂﬂT(/ * FATAL ERROR, EXCALATION METWOD IN SEGHENT ,‘S,
1ACH’, 15, JAS NOT SPECIFIED BY USING CODE ,8,3 6,0R 7
1031 FORHAT(/ ' FATAL ERROR, ONE OR BOTH_NODAL points’ IN SEGMENT .15,
1 IN REACH*, 1S,  JERE NOT LISTED WITH OTHER NGDAL POINT DATA’CARD

2s-
1034 FORHh?g/ © FATAl ERROR, SmAFT’, ’ LISTED UXTH SHAFT SEGMENT’,
Is NO’ NUMBERED XN THE QQNGE OF 1 70

1049 FOﬁMﬂT(/ ' FATAL ERROR, »IRCUL&R SHhPE UﬁS NOT SPECIFIED FOR MOL
1ED_EXCAVATION TN SEGMENT™, 1S, IN REACH

1044 FORHQT(/ FaTal ERROR, MUCK TRQNSPORT HETHOD IN REACH’, IS, -]
15 N SPéCIFIED LWITH A CODE OF Z2ERQ(OR BLANK)Y,1,2,3,0R

1042 FORHQT(/ ‘ FATAL ERRQOR, TUNNEL SHAPE IN R QCH fS.‘ UﬁS NOT SPE

CIFIED wiTH A CODE OF 2ERQ(OR BLANK) 5

1043 FORMAT(/,’ FaTAal ERROR, LINING TYPE 2 SEGHENT‘,IS,‘ IN REACH’.IS

1,” WAS NOT SPECTFIED WETH A CODE OF ZERC(OR BLANK).1,2,0R 2
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COSTUN Listing (Continued)

1045 FORHAT(/ ’ rnTAL ERROR, A LINING THICKNESS 1S spzc'rxsn FOR SEG
IMENT- © IN REACH’,14,',BUT NO LINING WAS SPECIFIED’

1046 FORHA+(/,‘ rnTnL ERR6 A’ LINING THICKNESS 1§ SPECIFIEE FOR SEG
| 4.’ IN SHAFT 4BUT NC_LINING UAS SPECIF

1047 ronnnftx,' FATﬁL ERR6 GROUNDLATER INFLOU IN szcnsuf IS. s
IHAFT” 15, - UAS NOT speéxrrsn UITH A CODE OF 2ERG(OR BLANK) 0% 1°:

1043 roenafc/ , FATaL ERROR, LINING TVPE IN SEGMENT' IS,  IN SHAFT, 15

WAs NOT SPECIFIED ulTH A CODE OF ZERO(OR BLANK);3,2,0R 37)
1056 fonnnI(/éf FATAL ERROR, SWAFT-,IS,’' IS NOT NURBERED 1" Pe RaNG

,1S)
1060 FORHAT(/ © XEBX UARNING 338x ROCK STRENGTW I5 LESS THAN 50@ PSI
ESi tNT ,15,7 IN REACH’,I5,” GETTING CLOSE TO SOFT GROUND-,

HE))
1062 roknar</ { FATAL ERROR, RQD IN SEGMENT',IS,’ IN REACH",IS,
1/ 1§ NOT & NUMBER FROM @ TO 100°
xos4 Fonnar(/ . AEaE UARNING XX9%  JUNNEL SIZE IN REACH- ,18,7 15 NOT
THIN THE RANGE OF 10 TO 4@ FEET’,5X,41(1Ax))
1065 FORHAT(/ FATAL ERROR, anuancs RATE IN SEGMENT',I5,’ IN REWCH,
1 15,/ 18 LESS THAN @ FT/DAY”
1070 FORMAT(~, - XEXX WARNING ¥xxx’ ROCK STRENGTH I5 LESS ThAN 500 PSI
15§st%?néNT LI5,° IN SHAFT’,15,  GETTING CLOSE TO SOFT GROUND-,
4
1072 rokmatnx ‘"FATAL ERROR, RGD IN SEGMENT/,15,- IN SHAFT',15,
1 “IS NOT A NUMBER FROM @ TO 100°)
974 FonnaT(/ » EXKX UARNING SXXX  SHAFT SIZE IN SHAFT/,I5,’ IS NOT
HIN $HE RANGE OF 1@ TO 40 FEET’,5X,41C1HX))
1075 ronnnr</ _FATAL ERROR. ADVANCE RATE IN SEGMENT/,IS,’ IN SHAFT,
15,/ 1S'LESS THAN @ Ef/DAY')
1115 FORNAT(/ " FATAL ERROR, SEGMENT’,IS,’ IN SHAFT’,IS,’ 1S OUT O
1ssgusucs "CHECK DATA CRRDS ARRANGEMENT OR FOR CORRECT NODAL Poznr

es’
1131 FORMAT(/, ' FATAL ERROR, ONE QR BOTH NODAL POINTS IN SEGMENT',15,
1’ IN HhéT’,IS. WERE NOT LISTED WITH OTHER NODAL POINT DATA’CARD

2s’
1aoo ronner</ ' FATAL ERROR, TUNNEL SEGNENT',IS,’ REFERS TO REACH,IS
SUCH REACH HAS BEEN INPUTED"
1201 ﬁonnAT(/ , FATAL ERROR, SHAFT SEGMENT’ ,15,' REFERS TO SHAFT’, 1S
UT NO SUCH SHAFT HAS BEEN INPUTED’)
1202 ﬁonnar(/ ~"FATAL ERROR, REACH’,1S, " ascens 70 EXIT SHAFT-, IS,
BUT NO SUCH SHAFT HAS BEEN INPUTED’)
1203 FORMAT(/, - FATAL ERROR TUNNEL nsqcu 15, WRS BEEN ASSIGNED,Bu
17 NO TUNNEL SEGMENTS REFER T
1204 FORMAT(/,’ FATAL snnoa snarr ,1s * HAS BEEN ASSIGNED,BUT NO SH
1AFT SEGMENTS REFER TO 1T’
1500 FORMAT(/, - FATAL eaaoa NG 'SEPARATOR CARD AFTER NODAL POINT DATA)
15°‘1§$R?“T§§x' FATgL ERROR, NO'SEPARATOR CARD AFTER TUNNEL SEGMENT D
1502 FORnnT(/ ' 'FATAL ERROR, NO SEPARATOR CARD AFTER TUNNEL REACH DAT

1

1503 FORHQT(/ © FATAL ERROR CHECK FOR MISSING SEPARATOR CARD AFTER S
1HAFT SEGRENT DATA’,/25

1504xaggﬂﬂg(/“' FATAL EﬁROR CHECK FOR MISSING SEPARATOR CARD AFTER §

2000 FORHAT(/ © FATAL ERROR, TUNNEL TYPE IN SEGHENT .15, ’ IN REACH’

WAS NOT SPECIFIED BY USING CODE I R 3

200s FO&HQT(/ * FATAL ERROR, EXCAVATION HETHOb IN SEGNENT’.IS.’ IN RE
$ACH’ DOES NOT MATCH TUNNEL TYPE SPECIFIED

2010 FORH‘T(/ ‘ FATAL ERROR, LINING TYPE IN SEGHENT‘.I5.’ IN REACH”,
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COSTUN Histing (Continucd)

116, DOES NOT MATCH TUNNEL TYPE SPECIFIED” 217652 0020

2015 FORMAT(/,’ FATAL ERROR, WATERTIGHT LINING REQUIREMENT IN SEGMENT 017689 0000

§,15,° IN'REACH’, IS,  WAS NOT SPECIFIED Bv USING CCLE 2EPO(OR Bla g{;g;g gg?g

AKIOR 1) ¢

aoxvaronnnr(/ © gyxs REMINDER X88x  ALL CUT AND COUER TUNNEL SEGMEN 217690 2000

176 ARE DESIGNED AS WATERTIGHT -- INPUT IGNORED In SEGMENT”, S, 217700 2000

2’ IN REACH’ 15/20X,°AND UATERTIGMT DESIGN USED- 217710 0020

2020 FORHaT(/ tnrAL ERROR, NO LINING OR SUPPORT UAS SPECIFIED IN SE 017726 0068

1GMENT/, 16,/ IN REACH 15,7 BUT A JATERTIGNT TUNNEL UAS SPECIFIED ) 017730 0000

2025 ronnar<x XAXx JARNING kxxx  GROUND WATER ELEVATION IN SEGMENT 017740 0000

O TN ReACH”, I5,’ 16 EITHER 2ERO OR BLANK - ELEVATION 2ERC Wl 17750 0088

2{1 B USED IN‘, .’ COMPUTATIONS’,SX, 114 (1ht}) 217762 0020

2030 FORMAT(/, - FATAL ERROR, RQD IN SEGRMENT',IS, ' IN REACH',I5,’ IS 217770 20020

1LESS THAN 25 IN A ROCK TUNNEL. USE SOFT GROLND OR CUT AND COUER: ) 17780 0060

2035 ronnnrn/ Ba3t LUARNING Sunx-  RQD IN SEGMERT.,I5, "IN REACH .15, 81779¢ 0260

1/ 16 GREATER THAN 25 FOR A SOFT GROUND TUNNEL',S5X,29(1HX)) 217800 0200

2040 FORMAT(/, ' FATAL ERROR, SURFACE NUDAL POINTS ABJ vk SEGMENT', 1S, 217810 0000

1- IN REAGH’,1S,  ARE OUT OF SEQUENCE- 217820 000

2045 FORMAT(/, - FATAL ERROR, ONE OR BOTM sunracs NODAL POINTS ABCUE §  @1783¢ 2dee

LEGMENT - I5 <IN REACH',15,’ UERE NOT LISTED UITW OTHER NODAL POIN 017840 2000

1T DATA 6AR6 017850 ¢e@ee

aoso ronnarrz FATAL ERROR, SURFACE NODAL POINT ELEUATIONS IN SEGMENT 017860 0000

* IN'REACH’ .16, - ARE BELOW TUNNEL ELEVATION' 217870 2000

aoss ﬁonnnr(/ - FATAL sénon errncrrvs GRAIN SIZE IN SEGMENT,IS,  IN Q17880 2000

REACH’, 15,/ WAS NOT INPUT® 217850 2000

2060 FORMAT(/,” "FATAL ERROR, §01L STRENGTH (PHI AND/OR COHESION; IN § 217500 9800

1EGMENT', s, IN REACH’.I5,’ WAS NOT SPECIFIED’ 217510 0000

2061 FORMAT(,’ xxxx UARNING xXxx PQOSSIBLE ERROR IN PERMEABILITY IN 017926 0600
1 SEGMENT®, 15, IN RERCH’,I5,’ - INPUT 15 GREATER THAN 10 CM/SEC‘, Q17930 @eee 3

25X, 12 (1HX)) 217940 00092
aosa FOﬁHAT(/ xxxx UARNING Xxx&x  FRICTION ANGLE IN SEGMENT’,I5,° I 217550 0009 g
ACH’ 1S, ' 15 GREATER THAN 45 DEGREES’,SX,35(1HX)) : 217962 0000 :

aosa ronnnrtx "FATAL ERROR, FRICTION ANGLE IN'SEGMENT', 15, IN REACH’ 01797¢ @000

16’ GREATER THAR 100, CHECK FOR NUMBER SHIFTED’ON'DATA CARD ) 017980 0000

aos4 ﬁonnnr</ * FATAL ERROR, UNIT UEIGHT OF SOIL IN SEGMENT-, IS, IN ~ @17990 200

1REACH’, 16,/ IS TOO LARGE FOR SOIL OR POOR ROCK') 218000 2000

2065 Fonnnr<z ° FATAL ERROR, DEWATERING REQUIREMENT IN SEGMENT/, IS 218010 00020

1’ IN REACH’, 15,  LRS NOT SPECIFIED BY USING CODE ZERO(OR BLANKX 018020 0000

20R 1) 218030 2000

2070 FORMAT(/,’ XXXX UARNING fxxx _ IMPERVIOUS LAYER ELEVATION IN SEG 018042 0000

1MENT’, 15, IN REACH',I5,’ 16 EITHER ZERC OR BLANK - ELEVATION ZER 18050 0008

20 wiLl BE usEp'/  IN COMPUTATIONS ,SX, 111(1Hx)) 218060 0000

2072 roamnr</ FATAL ERROR, IMPERUIOUS LAVER ELEVATION IN SEGMENT', 218070 202

"IN REACH” ,I5,- 16 ABOVE AVERAGE SURFACE ELEVATION?) 218080 0000

2073 roﬁmnrcz * FATAL ERROR, IMPERUIOUS LAYER ELEVATION IN SEGMENT', 218098 2000

115,’ IN §EACH',15.' 16'AT THE SURFACE AND SOIL GRAIN SIZE INPUT 018120 0000

2EXCEEDS0. 005 ) 218110 0000

2075 ronnnr(/ FATAL ERROR, SUPPORT TYPE IN SOFT ROQND SEGMENT- 21813e 0000

N REACW',I5,’ WAS NOT SPECIFIED BY CODE :,2,3,4,5,0R 6°) 218130 2000

2080 Foﬁnar(/ FATAL ERROR, SUPEORT TYPE IN SEGMENT’ “15 "INREACH’,  0iBl4e 0000

115,’ DOES NOT MATCH TUANEL TYPE SPECIFIED’ 218150 0000

aoss FOﬁHRT(/ BaTAL ERROR. LINING TePE. IN SEGHENT- ,1S,° IN RERCH, 918160 2000

0E4 NOT MATCH SUBPORT TVYPE SPECIFIED”) 818170 0000

2090 Foknnr</ < Xg8X WARNING XX8X  ROCK ELEVATION IN SEGMENT’,IS, 218180 6000

1’ IN REACH’, 15,/ 1S EITHER ZERO OR BLANK - ELEVATION ZERO vilL 8 e18190 eeoe

2E USED IN‘/° COMPUTATIONS’,5X,1L4(1HX 218200 0000

2092 Fonnar(/ - FATAlL ERROR, Ro&K ELEOATTON IN SEGMENT-,1S,’ IN REACH’ @18310 0000

1,15, 16 ABOVE AVERAGE SURFACE ELEVATION') 018220 0000
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2094 FORHAT(/ ! XXXX UARNING XXX _ CUT AND COVER BOX IN SEGMENT',IS, 918230 200
N REAEN- 15, EXCEEDS 100 rssT gSXp42CiHn)) 013240 0000
2095 ronnnr(/ "y "EATAL ERROR, OPEN CUY BRAcENG IN SEGMENT”, 16, " IN nea 918250 2000
1CH’, 15, - WAS nOT SPECIFIED By USING CGDE ZEROCOR BLANK 1,2, 0R 3 : 918560 2066
azoo ronﬁnrtz " FATAL ERROR, BRACING CODE FOR VERTICAL OPEI et 1N ek 818520 9300
3E"T L15, - IN REACH’,1S,’ WAS NCT SPECIFIED BvY USING CODE i,2,0R gigggg gggg

1

2108 rcnnnr(/ | FATAL ERROR, DECKING CODE IN SEGMENT IS,  IN REACH’, 918300 9eoo
11,/ WAS NOT SPECIFIED BY USING CODE ZERO(OR BLANK) OR 1') 018310 9000
2118 roknar</.‘ FATAL ERROR, STABILITY NUMBER IN SEGMENT,IS,’ IN REm 018320 ooce
15,715 TOO HIGH, EXCAURTION IS IMPOSSIBLE ) 018330 eeeo
2120 Fonnnr</ “ratAl ERROR, STABILIZATION METHOD IN SEGMENT- 018340 2000
{ REACH' .85,  WAS NOT SPECIFIED BY CODE ZERO(OR BLANK),1, é oé 218352 @002
2125 FORMAT(/ . FatAL CRROR, STABILIZATION USE CODE IN sscr:ur' 918360 0000
1. IN REACH’ 16,7 UAS NOT SPECIFIED BY CODE 1,2,3,0% 4 218370 0000
2130 FORMAT(., - FATAL ERROR, AIR PRESSURE IN SEGMENT'isS, IN REACH- 218380 2000
115, * WAS NOT SPECIFIED wWHEN STABILITY NUMBER whs INPUT AND RIR P 018390 2000
ensésuns s STABILIZATION SPECIFIED ) 918400 0000
2135 FORMAT(/ | FATAL ERROR, STABILITY NUMBER uAS SPECIFIEL In SEGMEN 012410 0200
© IN REACH-,15,”, BUT STABILIZATION USE CODE DOES NE 4° 218420 8000
2137 Fokmnf</ FATAL ERROR, AIR PRESSURE 15 SPECIFIED IN SEGmEnT',lt, 018430 00ee
IN REACK~, 15, BUT $TABILIZATION METHOD NOT COMPRESSED AIR- 018440 0000
2140 FORMAT(., ' FATAL ERROR, STABILIZATION uSE CODE IN secnswr',rs, 218452 00Ce
t° IN REAGH’, 15,  DOES NOT AGREE WITh METHOD SPECIFIED ) 218460 2000
2145 FORMAT(/, llil UQRNING XXX STABILIZATION METHOD IN SEGMENT’, 218472 000@
115, IN REACH’,15,° IS NOT ACCEPTABLE’,SX,38(18X}) 218480 0000
2147 FORNGT(/ ‘ FATAL ERROR, INPUT IN SEGP‘ENT' IS, IN REACH’,IS, 218490 2000
1’ REQUIRES USE OF AN UNACCEPTABLE STABILIZATION METHOD ) 218502 0002
2150 FORMAT(/,’ FATAL ERROR, TUNNEL SIZE IN REACH’,1S,’ INDICATES ¢U  @185ie @Q0@
1T AND COUER SECTION, BUT SHAPE CODE IS NOT ZERO') 018520 20@0
2151 roanar\/ " "FATAL ERROR, TUNNEL SHAPE IN REACK-,I5,’ INDICATES C  ©18532 00@e
UT AND COUER sscrron. BuT SIZE 15 SPECIFIED IN URONG COLUMN) 918540 2000
2:52’ FORMAT(/ " FATAL ERROR, SWAPE IN REACH',IS,' INDICATES CuT AND 218550 ooCe
COVER, BUT a MUCK rnanépoar METHOD wAS SPECIFIED) 018560 0000
2153 ronma7</,' FATAL ERROR, TUNNEL REACH’,I5,’ 1S NOT CUT AND COUER  @1857¢ 2eee
1, BUT NO'MUCK TRANSPORT METHOD WAS SPECIFIED”) 218580 0000
2155 FORMAT(/,  FaTal ERRCR, uoax HOURS IN'REACH”,IS,’ UERE NOT SPEC 918590 0000
1IFIED Bv A NUMBER FROM3 TO 24 018600 2000
216@ FORMAT(.,’ FATAL ERROR, JORK navs IN RERCH', IS, WERE NOT SPECI 018610 220@
{FIED BY A NUMBER FROM 4 TO 7 218620 0000
2165 FORMAT(/,’ FATAL ERROR, ONE or BOTH BOX DIMENSIONS IN REACH’,15, @18630 0000
1/ WERE NOT INPLT) 018640 2002
2170 FORMAT(/,’ XXXX WARNING XXxf  TOTAL CLEAR BOX WIDTH IN REACH’, 01865¢ 000¢
115, - EXCEEDS 40 FEET’,5X,55(1HX}) 218660 2000
2175 FORMAT(/,’ FATAL ERROR, OPEN CUT IS SPECIFIED IN REACH-,IS, 218670 0002
1’ AND NUMBER OF BOX UNETS NOT SPECIFIED FOR A SINGLE LEUEL sox'> 018680 0209
2180 FORMAT(/,’ XXXX URRNING XXxx  BOX WEIGHT IN REACH', IS, 218690 2000
1ATER THAN 20 FEET FOR A SINGLE LEVEL BOX’,5X,35(iHx)) 218700 0002
2185 FORMATC/, - XIXX WARNING Xxgx ' TOTAL CLEAR BOX MEIGHT IN REACH’, 018710 0@e0

115,’ 15 GREATER THAN 4@ FEET FOR A DOUBLE BOX’,5X,39(1HX)) 018720 0000 i
219¢ FOkna?tx “TXKEX UARNING XXXX DEUATERING MAY BE USED AS A STABI 918730 0069

1LIZATION METHOD IN SEGMENT-,IS,’ IN REACH’,IS, - AND IMPERUIOUS LA 018749 00@e 3
SYER 157/20X, < INCORRECTLY PLACED ABOVE THE TUNNEL. ELIMP WICL BE 018750 0000
JASSUMED AT FUNNEL INVERT 218760 @000
2195 ronnnT(/ . FATAL ERROR SOMPRESSED AIR WAS REQUIRED IN SEGMENT’, 018770 o¢ee
IN +,15, AND TRUCK MUCK TRANSPORT SPECIFIED 018780 0000
2200 FokmnTt/ ¢ FﬁTﬁ énnon. CAST IRON TUNNEL SUPPORT UAS SPECIFIED I 018790 060
SEGMEN®/, 15, IN REAEH’,15,°, BUT CIRCULAR SHAPE NOT SPECIFIED’) 018800 0000
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201 FORMAT(/,’ FATAL ERROR, SEGMENT’ IS, ° IN REACH’,I5, 15 NOT CLT  @1881@ 0000
2201, FaND COUER, BUT NG SHaﬁs uns SPECIFLED”) . 918829 0000
2202 FORMAT(/, " FATAL ERROR, "SHAPE SPECIFIED FOR SEGMENT',IS," IN FEA 218830 0000
1CH’, 15, 15 NOT FOR cu+ AND COUER" ) 213340 0008
aaoa ronﬁar(/ £ x1xx URRNING xx33 ™ "SOUND ROCC ELEVATION LIES ABOVE B 018850 0000
TRENCH IN SEGMENT. IS - IN REACH’ 15, AND RGD IS BETUEEN 018830 0000
198t so.'zaox "RaD MAY BE T0 Lo FOR DESISN #S SOUny ROZK. 218870 0200
2204 FORPAT(/ ATAL ERROR, SOUND ROCK ELEUATION LIES aBOUE BASE OF 513886 0060
TRENCH N SEGMENT’ IN REACH' 15, ° AND RGD 15 LESS THaN 25.°/ 012830 0000
: 13%,° RQD IS 700 Léu For DESTaN A4’ SOUND ROCK” 21850Q 2000
2205 FOﬂHﬁT(/ ’ FﬁTﬁL ERROR, DEWATERING MUST BE ﬂLuOUED IN SLORING CU 2189.0 0000
Nt/ 15,7 'IN REACH 15, - BECAUSE WATER TABLE 1S ABOVE BASE  21892¢ 2000
L r o SRER N AND . 14x,  ABOUE TAPERUIOUS LAYER 218930 0029
2207 FORMAT - - FATAL ERROR, SHAFT TYPE IN SEGHENT L15,7 IN SWAFT’,15, 018340 0000
1’ WAs NOY SPECIFIED By USING CODE 1,2,0R 37) 218950 0020
2208 FORMAT(/, - ¥iEx UARNING SXXXX  NO nz*uoo OF EXCAUATION OR LININ = @1896¢ 0920
TvPE WERE INPUT FOR SEGMENT’, IS,  IN SHAFT',I5, . A DUMMy SHAFT @1837¢ 2000
e 1S ASSUMED' ) 018980 0000
2210 FORMAT (o - FATAL ERROR, EXCAVATION METHOD N SEGMENT*, 15,7 IN S 218998 2000
1AFT, 15, DOES NOT MATCH SHAFT TYPE SPECIFYED’ 215000 0200
2212 FORMAT(~,  FATAL ERROR, RAD IN SEGMENT’, IS’ N SHAFT, 15, 16 213010 0000
1LESS TWAR 25 IN A ROCK'SHAFT. LSE SOFT GROUND OR CUT A%) LouER ) 015026 0066
2215 FORMAT(/, ' “X3%3 UARNING X312 _ RGD IN SEGMENT',I5,° IN SWAFT’,I5, 019030 0ege
15 GREATER THAN 25 FOR A SOFT GROUND SHAFT-,&x. Sec1mx)) 215040 2000
2220 FORMAT(/, - FATAL ERROR, LINING TYPE IN SEGMENT',I5,  IN SHAFT-, 219050 2000
115,  DOES NQT MATCH SHAFT TYPE SPECIFIED’) 219060 0060
2225 FORMAT(/, - FaTAl ERROR, WATERTIGHT LINING REQUIREMENT IN SEGMENT  01907¢ ¢ece
b S5 OR‘N SHAFT,1S,’ WAS NOT SPECIFIED By USING COLE ZERO(OR BLA 8{3223 2888

)

2027’ FORnﬁT(/ * sxxx REMINDER XX$x  ALL CUT AND COVER SHAFT SEGMENT 219100 0020
15 ARE DESIGNED AS WATERTIGHT -~ INPUT IGNORED IN SEGMENT”,IS, 219510 9000
27 IN SHAFT” 15 20X, AND UATERTIGHT DESIGN USED:) 219120 0000
aaae FoRneT(/ FaTal ERROR, NO LINING OR SUPPORT LAS SPECIFIED IN SE 013130 0000
.Ié IN SHAFT’,15,” BUT A WATERTIGHT SHAFT WAS SPECIFIED : ©19140 0000
2235’ ronnaT(/ XXX3 UARNING XX¥¥  SROUND WATER ELEUATION IN SEGMENT - 219:50 00ee
1,15, IN'SHAFT ,15." 18 EITHER 3ERO OR BLANK - ELEUATION 2ERO UI  013iG0 6006
2LL BE USED IN‘/° COMPUTATIONS’,S5x,114(1HX)) 219:70 0000
2240 FORMAT(/, " FATAL ERROR, GROUND "WATER ELEUATION LOCATED UITHIN SE 019180 0000
1GMENT’, 16,/ IN SMAFT’, 15, - NEED TO DEFINE NEW SEGMENT AT GUT'> 219199 0200
2245 FORHaT</.* FATAL ERROR, EEFECTIVE GRAIN SIZE IN SEGMENT*, 15, IN 019200 0000
1_SMAFT’, 15,  WAS NOT IRPUT’) 219210 0000
2250 FORnnT(/ FaTAl ERROR, SOIL STRENGTH (PHI AND/OR COHESION) IN § 919220 0000
1EGMENT, 15, IN SHAFT'.1S,° WRS NOT SPECIFIED’) 219230 000e
2251 FORMAT(/,” xxxx WARNING Xxxx  POSSIBLE ERROR IN PERMEABILITY IN 019240 0008
{ SEGMENT ;15,7 INSHAFT',IS, - INPUT IS GREATER THAN 10 CR/SEC’, 213250 200¢
35X, 12(1Hx)) 919260 20¢0
2252 roﬁnn1</ [ VERX UARNING dxxx - FRICTION ANGLE IN SEGUENT',IS,” 1 813270 2000
HAFT’ .15, 16 GREATER THAN 45 DEGREES’,SX,35(1HX)) 215280 0000
aasa Fonnar(/ "EaTAl ERROR, FRICTION ANGLE IN SEGMENT’,I5,’ IN SHAFT' 019290 2000
- 16 GREATER THAN 100.CHECK FOR NUMBER SHIFTED ON'DATA CARD’) 819300 0000

2254 #onﬁa1</,’ FATAL ERROR, UNIT WEIGHT OF SOIL IN SEGMENT’,IS,” IN = 0i33ie gooe 1

1SHAFT’, 18,/ 15 TOO LARGE FOR SOIL OR POOR ROCK’ 219320 0000 |

2255 FORMAT(/ ’ FATal ERROR, DEUATERING REQUIREMENT IN SEGMENT- 15, 219330 e20e 1

LoV, SHAFT/, 15,7 WAS NOT SPECIFIED BY USING CODE 2ERO(OR BLANK) 8}3338 2009 J
aaso Fonnnttx © RxRx unanzne TRXL IMPERUIOUS LAYER ELEVATION IN SEG 013360 2000
{MENT g LN SHAFT, EITHER ZERO OR BLANK - ELEVATION 2ER 019370 0000
BTUILLBe usEe T I *Shputarione: L 5%, 114 (1HX)) 019380 0000
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3352 FORHhT(/ * FATAL ERROR, IMPERVIOUS LAYER ELEUATION IN SEGMENT-,15 019390
IN SHAFT’, 16, 1S aBOVE BASE OF SEGMENT. NEED TO DEFINE NEw 1 219480

gﬁpgugxegg 7' LAVER aELou SEGMENT OR DcF INE NEU SEGMENT AT IMPERLI %t%:é%
2265 FORNAT(/, * *FaTaL ERROR SUPPORT TYPE IN SOFT caouup sscnsur LI, 21943
17 IN SHAFT/ £18,° uAs NOT SPECIFIED Bv coos 1,2.3 219448
aavo ronnar(/ £ATAL ERROR, SUPPORT TYPE IN é xé xu snar*' 219450
"ADOES NOT MATCH SHAFT- TYPE spscxrzzo'> 219460

2275 FoﬁnaT(/ ‘NEBTAL ERROR, LINING TVPE IN SEGMENT, IS,  IN SWAFT-, 219470
0ES NOT MATCH SUPPORT TYPE SPECIFIED" 215480

2285 Foénar</ © FATAL ERROR, STABILITY NUMBER IN secnewr IN ShA 219490
1FT°,15,” 18 TOO HIGH, EXCAUATION 1S IMPOSSIBLE " 2:5500
aaso FORHAT(/ ““raTAL ERROR, STABILIZATION METHOD IN SEGMENT IN 3

SHAFT’, 15, waS NOT SPECIFIED Bv CODE ZERO(OR BLANK),1, é oé 37)
2295 FORMAT(/ *'FATAl ERROR, STRBILIZATION USE CODE IN SEGRENT®,IS.
1’ HAET/ 15,7 WAS NOT SPECIFIED Bv CODE 1,2,3,0R 4
2300 ronnar(/ FATAL ERROR, AIR PRESSURE IN SEGMEN®".15,- IN SWAFT-
115, © WAS NOT SPECIFIED WHEN STABILITY NUMBER uas’ INPUT anf AIR P
anessuns s STABILIZATION SPECIFIED”S
2305 FORmnT(/ © FATAL ERROR, STABILITY NUMBER WAS SPECIFIED IN SEGMEN
-+ IN SHAFT’, 15, BUT STABILIZATION USE 2ODE DOES NE 4 )
2307 Fokmaﬁtx FaTal ERROR, AIR PRESSURE 1S SPECIFIED IN SEGMENT- .38,
17 IN SHAFT’, 1,7 BUT STABILIZATION METWOD NOT COMPRESSED AIR’
2310 FORMAT(/, ' FaTal ERROR, STABILIZATION USE CODE IN SEGHEN*‘,IS.
1’ IN SHAFT’, 15,  DOES NOT AGREE WITH METHOD SPECIFIED’)
2315 FORMAT(/,* 384X WARNING ¥xxx STABILIZATION METHOD IN SEGMENT
115, IN 8WAFT.,16,° 15 NQT ACCEPTABLE ,30C1HK))
2320 FORMAT(/,’ FATAL ERROR, INPUT IN SEGMENT’,I5,’ IN SMAFT .15,
1’ REQUIRES USE OF AN unaccrprnaLE STABILIZATION METHOTD "
2325 FORMAT(/,’ FATAL ERROR, SHAPE IN SHAFT',IS,’ UAS NOT grecIFIED
1BY USING CODE ZERG(OR BLANK),1,0R 2°
2327 FORMAT(/,’ X3X REMINDER XXXk = SHAFT’,I5, IS A DUMMv. IT HAS
1NO CONSTRUCTION COST’)
2330 FORMAT(/,’ FATAL ERROR, SHAFT SHAPE IN SHAFT*, 15, INDICATES A
1DUMMY SHAFT, BUT A SIZE 1S SPECIFIED
2332 FORMAT(/, - FATAL ERROR, SHAFT SIZ2E IN SHAFT’,ZS. INDICATES A D
LUMMY SHAFT, BUT SHAPE CODE IS NOT 2ERQ’
2335 FORMAT(~, ' FATAL ERROR, WORK HOURS IN SHAFT/,IS, WERE NOT SPEC
LIFIED BY A NUMBER FROMG TO 24
2340 FORMAT (/. * FATAL ERROR, LORK Davs IN SHAFT’, 15, LERE NOT SPECI
FIED BY R NUMBER FROM 4 7’
2345 FORMAT(/ © FATAL ERRCR, SEGnENT',XS, IN SHAFT ,1S, 1S IN ROCK S80Q
1 BUT SHAPE 1S SGUARE’ )
asso FORMAT(/ * FATAL ERROR, CAST IRCN SHAFT SUPPORT WAS SPECIFIED IN 019820
1 SEGMENT’, IS, IN SHAFT IS8, , BUT CIRCULAR SHAPE NOT SPECIFIED') 015830
2355 FORMAT(/,’ FATAL ERROR, CIRCULAR SHAPE WAS NOT SPECIFIED FOR MOL 019840
1€D EXCQUATION In SEGHENT ,1%,’ IN SHAFT’,15)
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COSTUN Listing (Continued)

019960
019572
-------------------------------------------------------------- 019989
""""""""""""""""" T, £ 7
COMMON /BASIC~/ NSS TS
COMMON /&~ LO,L Pn on Lxsr(4e) ITLE(16€1,STABEG, ITYPE 2200319
CORRON “F 7 TERROK. T 0z0020
DIMENSION A(NTsnnx,sa) B(NSSHRX 43),CNP(NPMAX,2),SHAFT(NS"AX,23., ©z0032
1 TRDATA(NTRMAX,23) 020042
-------------------------------------------------------------- Q200508
seasse
T1A
INITIALIZE gggggg
NPTeB(1,3)
NPBaB(i,4) 858}?8
NSEGS=9
cesies
NSSEGLe1 g
-------------------------------------------------------------- 0cQ1 40
220150
IPel 220160
Telel eeei7e
NSEGSeNSEGS+1 ozei8e
220190
CHECK FOR LAST SHAFT SEGMENT CARD 9202e0
IF(I.GT.NSS) GO TO 3@ ggggég
SEE IF PREVIOUS SEGMENT WAS IN SAME SHAFT AS THIS SEGMENT p20e30
IF(8(1,1).EQ.B(IP, 1)) GO TO 20 020240
GO 10 30 22025¢
NPBs B(I 4) 220260
GO TO 220270
NSHAFT-B(IP o2e28e
swarrmsnaﬁ n-nsssox 920290
SHAFTINSHAFT,2)eNPT o2e3ee
SHAFT(NSHAFT, 3 ) sNPB 220310
SHAF TI(NSHAFT, 4 )sNSEGS 820320
IF(I.GT.NSS) GO TO 40 920330
NPTeB(1,3) 020340
NPB«B(I,4) 920358
NSSEGL=1 920360
NSEGS+0 22037¢
G0 TO 1@ 22038¢
-------------------------------------------------------------- 22039¢
CONTINUE Q20400
CHECK FOR SHAFTS CONTAINING BOTH CUT AND COUER AND NON-CC SEGMENTS 220418
00 800 NSHAFT=1, NSMAX e20420
IF (SHAFT(NSHAFT,1).LT.-10,E29) GO TO Bo@ 220430
NSSEGL= SHAFT(NSHQFT 1) 220440
NSECS=SHAF T(NSHAFT, 4) 020450
DO 79@ Je1,NSEGS 020460
NSSTVP B (NSSEGY, 15) 020470
IF(J.EQ.1) GO TO 020480
IF(NSSTYP.LT.3) GO TO 70@ 2204902
SEGMENT IS IN CUuT AND C Q20500
IF(NSSTYP.EQ.B(NSSEG]-1, 15))00 T0 700 020510
ISTQPey egesz2e
NSSEGeB(NSSEGL,2) 220530

(Continued)
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WRITE(LO 1000 NSSEG, NSHAFT 220540 2000

209 NSSEGI =NESE 232550 2000
2900 CONTINGE 220560 000e

€ mmmmmem—me—m—e—mcecumecc—cmscemeooememececeesseceeceesacsesceoan 020570 0000
¢ CHECK FOR ANv sToPS FOUND 020580 2000
IF(ISTOP.EQ.Q) RETURN 220590 2000

FATAL ERRORS DETECTED.TERMINATE RUN AND GO YO NEXT DATA DECK 220600 0000
WRITE(LO,2000) 020610 0000

CALL NEXSET(LO,LI) 020620 00ce

T i rettiaudispudutobeto i SRS SR 020630 09000
1000 FORMAT(/, - FATAL ERROR, SEGMENT/ In SHAFT .15,/ 1S IN CUT 220640 0000
LARD COVER.BUT NOT ALL GTHER CEanENTS ARE- 020650 0000

2000 FORMAT (oo X, 139 ¢ thE) 96, "PROGRAR STGPPED BECAUSE OF ERRORS I  oS0tce o996
IN 5uaaourx~e &FTSET 71X, 1ig0ike)) 220670 0200

OO0

RETURN
END 220729 02000

{(Continucd)
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END 20729
SUBROUTINE LENGTH (A,B,CNP,SHAFT TRDATA, CUMSL ,HTSMAX, NSSMAX, 020730
INPMAX, NSMAX , NTRMAX ) 020735

COMMON /BASIC, NSS,NTS 020820 €90
COMMON sA/ LO,LI,PM.OM,LIST(40),TITLEC16@),STABEG, ITYPE 220810 0002
COMMON ~F~ TERROR, 156T0P 02082¢ 000Q
DIMENSION A(NTSMAX,B8),B(NSSMAX, 43), CNP(NPMAX, 2 ), SHAFT (NSMAx, 23, @2083¢ 0008
1 TRDATA(NTRMAX, 231, CUMSL (NPHAX ) 022840 0000
------------------------------------------------------------------ 22285¢ 0009
------------------------------------------------------------------ 0208E¢ 00e0
CALCULATE SHAFT SEGMENT LENGTHS 220870 2000
D0 20 Ie1,NSS 220880 0200
NPTeB(I,3) 020890 Qe¢ee
NPBeB(I.4) 220390¢ 2e¢ae
ELNPT«CRP(NPT,2) 228910 2002
ELNPBsCNP(NPB, 2 ) 220920 eeoe
SSEGL-ELNPT-E{LNPR 020932 eoee
B(I,35)+55EGL 220940 @00Q
------------------------------------------------------------------ 020950 @00¢
220560 @000

CALCULATE SHAFT HOISTING DISTANCES FOR EACH SEGMENT AND EACH SHAFT 226370 @800
SUM .........RUNNING SUM OF SHRFT SEGMENT LENGTHS IN SKAFT 1 220982 @eeo
220550 €000

DC 50 Ie1,NSMAX 221000 0000
IF(SHAFT(S,1).LT.~10.E29) GC TO SO 221010 080
NSSEGLeSHAFT (I, 1) 221020 ee0e
NSEGS=SHRFT(I,4) 221030 2000
SUMeQ. 021042 0000
DO 4@ J-1,NSEGS 021050 0000
SSEGL=B(NSSEGL, 35! 221062 2002
HHeSUM+.5x5SEGL 9210870 0220
B(NSSEGY, 36 ) eHH 2z10280 0000
SUMSSEGL+SUN 22:050 oeeo
NSSEGIeNSSEG] +1 221100 200
SHAFT(I,8)e5UM 22.112 2¢eQ
CHECK FOR SHAFT DEPTH GREATER THAN 3000 FEET 221120 20ee
IF(SHAFT( 1,8).GT.300€.) URITE(LO,107%) I ?2:130 200e
CONT INUE 22.148 o000
------------------------------------------------------------------ 92115 2000
CALCULATE ACTUAL TUNNEL SEGMENT LENGTH (LENGTH ALONG ™wE SEGMENT.. 22.160 0006
AS AN INTERMEDIATE STEP, CALCULATE THE STATIONING OF THE TUNNEL 021170 2220
NODAL POINTS ALONG THE LENGTH OF THE SEGMENTS (NOT THE HORIZONTAL @2:180 0ee0e
LENGTH), AND THEN CALCULATE HORIZONTAL STATIONING 92ii5e 2000
221208 000e

STA*STABEG 221210 2000
NPLeA(1,2) p2i220 0000
CUMSL (NPL)=0.0 921230 0000
CNP(NPL, 1)=STABEG 221240 9000
D0 €8 Iei,NTS 021250 0000
TSEGL=R(I,45) 221260 €000

(Continued)
A58




b R

 a mamdwea o ol s il o Aol caband e a et s AbLi A AR i it ani L S SR e E At e et e S A

OO

7

100

150
169
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NPLeA(],2)

NPReA(1,3)

ELNPLeCNP(NPL,2)

ELNPR'CNP(NPR,B

SEGLsSAR S(ELNPL -ELNPR ) xx2+TSEGLXX2)

CUMSL (NPR )sCUMSL (NPL)+SEGL
STAsSTA+TSEGL
THE NEXT ETQTEMENT CONVERTS TSEGL FROM HORIZ2. TO TRUE LEMNGTM

CNPINPR,1)e5TA

s ereee . .————-——---—- - " = - " - -

CALCULATE AVERAGE MUCK TRANSPORTATION DISTANCES AND SLOFES (70
MIDPOINT OF SEGMENTS) USING NODAL POINT STATIONING

DO 70 Iei,NTS
NPLeA(I,2)

NPRea(I;3)

ELNPL=CNP(NPL, 2)

ELNPR*CNP (NPR.2)

NREACH®=A(I,4)

NSHAFT=TRDATA(NREACH, 1)

NPBS«SHAFT (NSHAFT, 3)

ELNPBS=CNP (NPBS, 2)

DM=ABS (CUMSL (NPBS 1 - (CUMSLINPL ) +CUMSLINPR ) 1/2. )/52880.
RL=DMI5280 . «ABS ( CUMSL (NPL )~CUNSL (NPR) ) /2,

CHECK FOR REACH LENGTH GREATER THAN 105608 FEET( 20 MILES)
gfiRES?TDéOSSGO ) URITE(LO,1061) NREACH

CALEULATE ELEVATION DIFFERENCE FROM BASE OF SHMAFT TO SEG. NIDPOINT 2

ELEUSELNPBS-(ELNPL+ELNPR)/2,
HSLOPE=ELEU/SQRT((DMxS280.)xs2-ELEVES2)
h(I 47)=HSLOPE

CHECK FOR DUNMY SHAFT ADJACENT TQ AT LEAST ONE CUT AND COVER REARCH 9

DO 209 1+1,NSMA

IF(SHAFT(I 1), LT.-10 E29) GO TO 200
1SHAPS=SHAFT(I, 16

1P (15HABS . NE. 8580 T0 200
NPORTeSHAFT(I,23)

IF (NPORT.EQ.1) GO TO 200
NPBSwSHAFT(T, 3)

STA<CNP (NPBS |
TFCsTA.GT,STABEG) GC TO 108
NTSTYPeA(1,16)
IFINTSTYP.EG.3) GO TO 2ee
GO TO 175

?}“'s’“" .0

DO 158 J=1,NTS
NPLeA (S 2)

NPRe=A(J,3

éS&SI“ gv CNP(NPL 1).AND.STA.LT.CNP(NPR,11) GO TO 16@
NTSTYP=A(J,16)
IF(NTSTYP.EG.3) 6O TO 200
IFcJ.EQ.NTS) GO TC t7S

(Continued)
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COSTUN Listing (Contimned)

NTSTYPeA(J*1, 221852 0090
IF(NTSTVP.EO 3) co TO 200 21869 08000
176 IERROR=1 021870 0000
ze0 SSHTEALS 2000 ! caices oo
U
€ Semmmemmmmcmacccceeeeccccmeeemrmeeemmm—e-cemeeswmmscmme—mcmmee—os 021900 2002
1061 ronnn'r(/ © XX2X YARNING xxxx  TOTAL LENGTH OF REACH', IS, EXCE 221910 0000
DS 20 MELES’,5X,51(1HK)) 221920 0000
1071 FORHaT(/,' xxxx UARNING XEXX SHAFT’, 15, IS OVER 3000 FT LEEP- gs&gzg gggg
(1HX)

2000 fonnAT(/ . FnTaL ERROR, SHAFT’,IS5,’ 1S A DUMMY SHAFT, BUT THERE 221950 00290
ARE NO ADJACENT CUT AND COVER ' REACHES ') 921960 Q2000
RETUR 821972 0000
END 22198¢ 00e0
SUBROUTINE INOUT(I,A,B,CNP,SHAFT, TRDATA,NLINES, IP,NTSMAX,NSSMAX, 221990 0000

INPMAX, NSMAX, NTRMAX ) 221995
[ T e T T 022000 2020
L e L E L L LR L L T 222012 20800
¢ 0222208 202¢
¢ THIS SUBROUTINE LISTS CUT THE INPUT DRTA 222032 2w0e
¢ SEGMENTS ARE LISTED IN THE ORDER OF APPEARANCE ALING TwE ROLTE gggg;g gggg

¢
¢ Ie SEGMENT SEQUENCE NUMBER, NUMBER IN ORDER OF APPEARANCE 022060 ¢e8e
¢ 022070 o0ee
L ettt Q22082 2009
[ it L DL 022090 02ee
¢ 022100 Qe2e
COMMON /BASIC/ NSS,NTS Q22112 Qe
common /A7 LO,LLI,PM,0OM,LIST(4Q),TITLE(160),STABEG, ITYPE 222120 20ee
DIMENSION A(NTSMAX,68),B(NSSMAX,43),CNP(NPMAX,2),SHAFT(NSMAX,23), 022130 ¢ede
1 TRDATAINTRMAX,E3) 2Eci40 220Q
DIMENSION FMT1(21),FMT2(L5),FMT3(7),FMT4(20.,FMT5(13) ee2i5¢ o0
c IXEELXXXXERXXXTAXXXKETXXXXLXXKARAAXXKEAARXXBEXXABXEXXRXXXXARRAXRER Q22160 Q200
c DOUBLE PRECISION STATEMENTS ARE REQUIRED FOR LITERALS HAUING P2ci70 Qe0e
C S TO 8 CHARACTERS ON COMPUTERS THAT HAUE 4 CHARACTERS PER WORD, 222180 2¢ee
c SUCH AS THE IBM 36@, FORTRAN IU COMPILER. 222190 0000
c REMOUE THE FOLLOWING DOUBLE PRECISION STATEMENTS FOR COMPUTERS 022200 Q020
c THAT HAVUE 6 CHARACTERS PER WORD SUCH RS THE UNIVAC 1ie8, d2cc1e 2009
C FORTRAN U COMPILER. 222220 2000
C ALL LITERALS IN THIS SUBROUTINE “AVE A MAXIMUM OF & CHARACTERS 222732 Qoee
[ T0 BE COMPATABLE WITH BOTH SvSTEMS, dcer4e o00e
DOUBLE PRECISION BLANK,CONY, TMOLER, TMOLES,HANDS RIPPER,VERTCC, dc2cee eeee
tSLOPCC, HORSE, BASKE T, CTRCLE, BOX, TUOBOX, SGLARE , CONUVR, TRUCK, TRAEN, dceave 20ee
2CONTRK , TNGNE , UET ,DRY, ANG, YES, CIRSEG, CONSEG, STUSEG,STLSET, SOLDER, 222280 2eee
3SLURRY, OPENCT RIRPRS DEUQTR GRD'NJ,USENO FREFNO STRUT ANCHOR 922290 eece
45 TRANC 8e23e¢ Qeee
DOUBLE PRECISION SHAPE,REMK,EXCAU,WTLIN,RAR,TL,~QURS,DAYS, SUPORT, 022310 0oeee
1DURTER, S ABIL,GAMMA, PERH STABNO AIRPR, DECK BRﬁyE BFT EXWS p2232@ o002e
25HAPS ,GRDUW 02233¢ 2000
REALxé JBLANK ,NONE , ISHOT, ICONC, IPREC, IFNEC, MUSTUS, IUSE, LTVYP 22234¢ 0020
[ AXEREXXXFLRKXXEAARXIXXXLRXKEXEXXXEXXERALKXKRAXAXXTXAEAXXIXXXREXRXXXE Q2237€ 8802
1C7?§ﬂ2159!6 FMi/’'ex,n6,’ s ,FM2/ RS,/ ,FM3/ RS )’/ ,FM4a, d2238¢ 2000
/

1FH5/ 1X, a4 ‘/,FME/SX, R4,/ ,FM?/°1X, A6, 7 ,FMB/ " 4X ,AB, / ,FMS/ RE, 7 Q22390 Qo0
FMiQ/ A6) FMii/ (1x,:4'/ Fmia/* F. 1, s FML3,” FE, 1, 7 022400 0000
:#mawss 130, FM15/°15. %/, Fhig, 7 3x, 16, TEmis R0 ‘o 8224:0 0000
4FMig//Eie.2, s ,FM19/” FG 1, /. FMees FE. 1)/ FmaL R, s, 822420 0000
# SFMees ‘' 3Ix, A4, '/, FMR3/ - 222430 0000

(Cont inued)
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'- COSTUN Listing (Continued)

CPARgCTERKG FMT1/°(1x,14',’,15,°,°15,",°18,/,°1€,", "1?,EX,',‘R6,’, Q22440 d0e0

S 22X, AB,’,"2X,A6, ", 'FB.1,", "I, 18,',°15,"," 15,7, 15, , "X, A8, ", 222450 ©02¢
AR LN . LIt Y 232460 2000
Hnnnértnxs Fﬁre/ (lox ,', Ié ts,>. Er0.2,, F7. 1,7, F5.9, ", 222470 o000

‘F?.e,

‘EiG 2, ,'18,',’R8, ", FB.1,,78X,A6,", 'FB.1,", 1X,46, ", "1X,Q6, ', 222480 90CQ
‘'FE.1) 222490 Q000

CHGRQ%TER!S FMT3/ (10X, ,‘F?.4,°, 1X,86,', 8X,R6,°, " 15,’,'F8.2," 022500 000

énanncrsnxs FMT4/’(1X,14%,°,15,°,°15,",° 18,’, 2X,R6,',’F6.2,', ©02251¢ 0000
1[
1 rs 1, ‘3%,16,7,'15,", A6, * 4 R6.0L0FE.1,0,0R6, 0, F7LL, 0, N8, 022520 0020

Wese s

kg1, 'rb. L, 'rs. 22253¢ eoeo
cgagacrsnxs FRTS/* raox ‘e, 1,”,'F5.08,','F7.e,’, E10.2, °, 022540 0000

17EL
1°4X,R6, -, FB.1,", 8X,RB, ', FB.1,", 2X,R6, ", LX,PB, ", FB.11°/ 022550 0000
€ mmmmmmmmdeema e e Ll e 922560 0000
DATA BLANK/ - ‘7, JBLANK ‘7, IBLANK /* . 22257¢ 020e
DATA CONUY/‘ CONU '/ TMOLER. ‘MOLER - TMOLES,-MOLES 7, HANDS/ “HAND Q22580 0000
1S ‘/,RIPPER/‘RIPPER’/, VERTCC/ 'VERTCC 7, SLOPCC/ * SLOPCC 022530 0000
nnrn "HORSE/ * HORSE énsxsrx BASKET/,CIRCLE/ " VIRCLE’/,BOX/ BOX  Qz260e 0¢0e
TWOBOX- - TUOBOX /. SQUARE ~ - SQUARE * 922610 8000

Dﬁfﬂ CONUYR~ CONUYR® 7 ,TRUCK/ "TRUCK “/,TRAIN/‘TRAIN - /,CONTRK/ CONT Q22620 @Q22
222639 Q00

DATA NONE/’ NONE “/,TNONE/’ NONE */ 022640 0000

DATA ISHOT/’ SHWOT ‘~,ICONC/’ CONC ‘/,IPREC/'PRECST’/ 922650 0202

DATA LUET,/’ YET ’/,DRY/* DRy °~/ Q22660 el

DATA ANQ/’ NO  / VE 7. YES ‘v e2267¢ 0002

DATA CIRSEG/~ CIRSEG 7 ,CONSEG, "CONSEG’ ~,STLSEG/*STLSEG' /,STLSET, ‘S Q22682 0000
{TLSET’/,S0LDER/’ SOLDER 7,SLURRY/”’ SLURRY / OPENCT/'OPENCT‘ 022692 02000

DATA AIRPRS/‘QIRPRS s DEURTR/ DEWATR’ 7, GRDINJ’ GRDINJ/ 022700 0009

DATA USENO/‘NO USE’~, PREFNO/'NOPREF / 022710 2003

DATA IFNEC/’IF NEC'~/,MUSTUS,- MUST -~ Q22720 09000

DATA STRUT/‘STRUT ‘'~ QNCHOR/ ANCHOR 7, STRANC~ *STRANC * / 922730 0000

o ettt L L T T SRR 922740 0000
IF(ITYPE.EQ.2) GO TO {50 022750 eo00e
IF(LIST(2).EQ.9) GO TC 1@ Q22760 0000

c SET UALLUES OF GAMMA, PERM, WOURS AND DAYS IF NOT INPUT 02277¢ eg0e
NREACH=A (], 4) 022780 000e
NTSTYPepa(],16) 222790 Q000
IF(NTSTVP.EG.I) 60 70 8 222800 Q002
IFta(I,e2).L7.0.1) R(1,22)120. 022810 Q000
IF(ACI,25).GT,10.E-10) PERMe-A(I,25) %2820 000¢
DlO-ﬂ(I 18) 222830 0000
IFC(A(I, 25) LT 10.E-10) PERM-D1Ox22/10. Q22840 Qeed
ﬂ(I.ES)-PE 02e850 eeee

5 CONTINUE 022860 2000
IF(TRDATA(NREACH,8).,LT.0.1) TRDATA(NREACH,B)s24. 222870 Q0ee
IF(?RDATQ(NRERCH g).LT.e. 1) TRDQTQ(NRERCH Si=€.9 222880 Qeed
RETURN 022890 Q2¢0

C 022900 00¢0
C 022910 o000
€ e e e ——————- 222929 eooe
10 NLINESeNLINES+1 222930 0@ee
IF(NLINES.LE.40) GO T0 30 022940 o00e@

[ WRITE JUT COLUMN HEADINGS FOR TUNNEL SEGMENTS Q22950 0000
c 222960 0000

4
(Continued)
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COSTUN Listing (Continued)

WRITE(LO,1000) 022570 2000
URITE(LO,1001) e22930 0000
WRITE(LO, 1002) 022990 020
NLINES+@ 223000 0000
30 ~asnc~-a<x,4> 023010 0000
NTSEGeA 1) 023020 ¢e0d
Nsnarv-rnbnTacnnsacu 1 023030 000
BFTeTRDATA(NREACH, 2) 223040 0000
IPR .1 223050 0029
€  meemmecmmememmma———ee- emcmecmcmecccccccascocrossemvane 223060 0000
¢ FIND THE HORIZONTAL SEGMENT LENGTH OF EACH SEGMENT, HSEGL 223070 0000
¢ ORIZONTAL SEGMENT LENGTH AS GIVEN IN THE INSUT 033080 0000
¢ MUST BE CALGULATED SINGE 1T LAS PREVIOUSLY DESTROVED WHEN 023090 000¢
¢ 1T UAS CONUERTED TO LENGTH ALONG THE SEGMENT, TSEGL(I)) 02310¢ 0000
NPLeACI, a) 023110 0000
NPReA(] 023120 0000
secn-cwb(mpa 1)-CNP(NPL, 1) 223130 0000
LSEGLSSEGL 023140 0008
€ mmmmmelie e ccmcccemccccccceemmacccmmseeecemseecmccmceseemaoee 23150 0009
¢ FIND ALPHA NAME FOR SHAPE 223160 0000
40 1SHAPETRDATA(NREACH,3) 023170 0000
1BOX2+TRDATA (NREACH, 13) 023180 0000
IF(1SMAPE.EQ.Q) SHAPE<BOX 023190 0000
1F (I15MAPE .EQ.8.AND. 1BOX2.EQ.1) SHAPE »TLIOBOX 023200 co0e
IF(ISHAPE .EG.1) SMAPE<CIRCLE 023210 0000
IF (ISHAPE.EG.2) SHAPEHORSE 023220 0008
IF (1SHAPE.EG.3. SHAPEeBASKET 023230 0000
€ mmmmceeecooeaiceoceceecececseemcmemcccsesecmo—mesmmmccsessee-ecos 023240 0000
¢ FIND THE ALPHA NAME FOR THE LINING TYPE 023250 0000
LINING=A(I,10) 223260 0000
IF(LINING.EG.9) LTYPeNONE 023270 0000
IF(LINING.EG.1) LTYP+ICONC 023280 0000
IFCLINING.EG.2) LTYPaISHOT 223290 0000
IF(CINING.EG.3) LTYP=IPREC 023300 0000
IFCLINING.EQG.4)LTYPeIPREC
o ututhablugkuete e ot S S RS 023310 0000
¢ FIND ALPHA NAME FOR MUCK TRANSPORT METHOD 223320 0000
50 MTMeTRDATA(NREACH, 4) 223330 2000
F(MTM.EG.1) REMKeTRUCK 923340 0000
FCMTM.EQ.2) REMKsCONUYR 223350 0000
F(NTM.EG.3) REMK=TRAIN 223360 0000
F(MTM.EQ.4) REMKsCONTRK 023370 0000
og S St el g S S 223380 0000
¢ FIND ALPHA NAME FOR METHOD OF EXCAUATION 023390 0000
60 MEX=A(I,?) 223400 0000
F (MEX. éo 1) EXCAUSCONY 223410 0000
F(MEX.EQ.2) EXCAUsTMOLER 223420 0000
F(MEX.EQ.3) EXCAUsTMOLES 923430 0000
F(MEX.EQ.4) EXGCAUsHANDS 223440 0000
F(MEX.EG.5) EXCAUSRIPPER 023450 0000
F(MEX.EQ.6) EXCAUSUERTCC 923460 0000
[F (NEX.EQ.7) EXCAU=SLOPCC 023470 0000
¢ FIND ALPHA NAME FOR WATERTIGHT REGUIREMENT 023480 0000
LINUTSACI, 15) 023490 €000
IFCLINGT.£G.0) UTLINsAND 023500 0000
IF(LINJT.EQ.1) UTLINeVYES eeasze o
NTSTYPeA(I,16) 023520 0000
IF(NTSTYP.£Q.3) WTLINsYES 033230 000
(Continued)
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COSTUN Listing (Continued)

Ir(xanou.CT.o) INFLOW=Q
TL-A( 11)

F(TL, ££ o.) TL °.
ELUATR-A(
uouns-rana?a(naEncn 8
DAYS®TRDATA(NREACH, §)

- - - - o P > o o - - - -

CHECK 7O ssssxr THég s THE SAME REACH AS FOR PREUIOUS SEGMENT
F(IPR.EG,NREACH)

éETIUhLEES OF HOURS nno Bavs FOR PREVIOUS REACH IF NOT INPUT
5?;{150 1) GO TO 88

IF(TRDAfA(N 8).L7.0.1) TRDATA(N,8)e24.0

xr<7nnara<n 9. {7.0.1) TRDATA(N.$)e6.0

WRITE(LO, L

IF (1PR.EQ, nnsnca) URITE(LO,2000)

NLINES=NLINES+1

- - v - > " - Y = = 4 = = = 4 Y e = e " - W - -

ADJUST FORMAT AND URITE STARTEMENTS TO PUT BLANKS IN QUTPUT WHEN
VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA
IF(AR.GT.@.@8) GO TO 92
AR=BLANK

FAT1(14)eFM

IF(TL.GT.2.0) GO TO 93
TLeBLANK

FMT1(12)=FM2
IF(HOURS.GT.9.0) GO TO 54
HOURS = BLANK

FATL(2@)=FMe
IF(DAYS.GT.8.2) GO TO S5
DAYSe BLRNK

FNTL(21)+FM

IF(IPR, NE.NRE&CH) GO TO S8
NREGCH' IBLANK

FMTL(1)=FM4

HOURS « BLANK

FMT1(20)+FM2

DAYS »BLANK

FMT1(21)eFN3
IF(NTSTYP.GT.1) GO TO 108

- 2 - 0 e S Y~ - = - - " - 7 s - -

ROCK TUNNEL

WRITE(LO,FMT1) NREACH,NTSEG,NPL,NPR,NSHAFT,LSEGL, SHAPE,BFT REMK,
1Egc¢g,h§6JRS.JRQD,JRTéNP INFLOU,LTYP, TL, UTLIN ELUATR, HOURS ; DAYS
1

= - e o = - - = e - e o A - - - - - - -

SOFT GROUND TUNNEL OR CUT AND COUER BOX
FIND ALPHA NAME FGR SUPPORT TYPE
ISUPPTsA(1,2

IF (1SUPPT. éo 0) SUPORT s TNONE
IF(ISUPPT.EQG.1) SUPORT=CIRSEG
IFCISUPPY.EG.2) SUPORTsCONSEG

(Continucd)
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COSTUN Listing (Continued)

IF(ISUPPT.EQ.3) SUPORT=STLSEG

1P (ISUPPT.EG.4) SUPORT«STLSET
IF(ISUPPT.EG.5) SUPORTeSOLDER
IF(1SUPPT.EG.6) SUPORTeSLURRY

FIND ALPMA NAME FOR ALLOWING DEUATERING
LUATEReA(T,23)

IFC(IUATER.£Q @) DUATER=ANO
IF(IWATER.EQ.1) DUWATER=VYES

NPLSeA(],17)

NPRS»A(I,18)

D1ReA(],19)

PHI=0.0

COHESN=09.92

IF(A(1,20).6T.0.0) PHIsA(I,20)

IF(A(I 21).GT.0.@) COHESNA(I,23;
GANMASA(T,22)

ELIMPeA(] 24)

PERM=A(], 25)

STABNO=A(T, 30)

FIND ALPHA NAME FOR USE OF STABILIZATION METHOD
MUSTeA(1,32)

IF (MUST.£0.2)IUSE=IFNEC

IF (MUST.EQ.3)[USE« IFNEC
IF(MUST.EQ.4)IUSE=MUSTUS

AIRPR=A(I, 33)

FIND ALPHA NAME FOR STABILIZATION METHOD
mSTABaA(L,31)
IF(MSTAB.EQ.8.AND.MUST.LE.2) STABILePREFNO
IF(MSTAB.EQ.2.AND,MUST.EG.4) STABILeUSEND
IF(MSTRB.EQ.1) STABIL-AIRPRS
IF(MSTAB.EG.2) STABIL=DEWATR

IF(MSTAB.EQG.3) STABILeGRDINJ

ADJUST FORMAT AND URITE STATEMENTS TO PUT BLANKS IN OUTPUT UHEN
VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA
DO _NOT PRINT TEMPERATURE UNDER ROCK LISTING
JRTEMPs IBLANK

FMT1(14)=FM5

IF(JRS.GT.@) GO TO 106

JRS=IBLANK

FMT1(12)=FME

IF(JR@D.GT.Q2) GO TO 107

JRAD=IBLANK

FMT1(13)=FMS

IF(GAMMA.GT.0.8) GO TC 108

GAMMA »BLANK

FMT2(4)sFM?

IF(PERM.GT.@.9) GO TO te@9

PERMeBLANK

FMT2(7)eFM8

IF(STABNO.GT.2.0) GC TO 110

STABNO»BLANK

FMT2(12)FM9

IF(MUST.GT.1) GC TO 112

IUSE=JBLANK

IF(AIRPR.GT.O 9) GO TQ 18

AIRPReBLANK

FMT2(15)=FM10@

IF(NTSTYP.EO 3) GO TO 2@

(Continued)
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COSTUN Listing (Continved)

22

OFT GROUND TUNNEL 224710 2200

¢ SRITE(LO FMTL) NREACH,NTSEG,NPL,NPR NSHAFT LSEGL,SHAPE,BFT,RENK, 2247202 Q000

1:xT ban,Jas JRGD, JRTEMP, INFLGU, LTvE, L, uTLIN, ELIA=R, HOURS, DAVS g :;gg gggg
RTEMP=n(]

ﬂRIgtlLo FA1S) NPLS.NPRS,D10,GAMMA, PHI, CONESN, PERM, JRTEMP, DUATER, 284750 9600

1ELIMP, SUPORT, STABNO, STABL, IUSE, AIRPR 224760 0000

NLINgé.NLIN $e1 224770 o00eR

GO T 024780 2000

€  cmemmmemmmmeeecmceeecmeeescocesemce-smsmecssemeccaesemmsmm-masm—e- 924790 0000

¢ CUT AND COUVER 024800 0000

¢ FIND ALPHA NAMES FOR DECKING REGUIREMENT 254810 0000

120 IDECKeA(I,2$) 024820 0000

IF(IDECK.EG.@) DECK*ANO 224830 0000

IF (IDECK.EQ.1) DECK=vES 224849 0000

¢ FIND ALPHA NAME FOR BRACING SPECIFIED 024852 2000

IBRACEA(],28) 024860 0000

IF (IBRACE.EG.Q) BRACE=TNONE 224870 2000

1F(IBRACE.EQ..) BRACE=STRUT 324880 0000

IF (IBRACE.EQ.2) BRACE=ANCHOR 224850 0000

IF (IBRACE.EG.3) BRACEsSTRANC 024500 0002

ELROCK=A(L,27) 024519 2002

NREACHsA(I 4) 024920 2000

NBOX=TRDATA (NREACH, 10> 224930 0000

i BFBUDT=TRDATA(NREACH, 11) 984948 0002

BFBNT« TRDATA(NREACH, 12 ) 824858 0000

¢ ADJUST FORMAT AND WRITE STATEMENTS To PUT BLANKS IN OUTPUT LHEN Q24960 0002

¢ VARIRBLE CHECKED 15 NOT SPECIFIED IN INPUT DATA 024970 2002

¢ REMOUE TUNNEL SIZE, MUCK TRANSPORT, $OIL TEMPERATURE, AND 924380 2000

¢ STABILIZATION FOR CUT AND COUER. 024998 0000

1F (IPR.EQ.NREACH) NREACHs IBLANK 225000 2000

BFT=BLANK 025010 0002

FMT1(B)sFM? 225020 0009

REMK « BLANK 225030 o0ee

JRTEMP = IBLANK 02504¢ 0000

FMTE(8)aFNS 225050 0000

IFCINFLOW.GT.@) GO TO 138 925060 9000

INFLOWs IBLANK 025070 0000

FMTIC15)eFMS 025080 0000

STABIL=BLANK 825090 9000

138 URITE(LG,FMT1) NREACH,NTSEG,NPL,NPR,NSHAFT, LSEGL,SHAPE,BFT,REMK, 025100 0000

1EXCAY, AR, JRS, JRAD, JRTEME, INFLOU,LTYP, TL, UTLIN, ELUATR, ROURS.DAYS @8511@ 0000

WRITE(LO,FMTE) NP(S,NPRS,D18,GAMMA, PHI, BOHESN, PERM, JOTEMP, DUATER, @25128 FMTe

1ELIMP, SUPORT, STABNG, STaBIL, 1USE, AIRPR 925130 FMTR

URITE(LO,FMT3} ELROCK,DECK,BRACE,NBOX, BFBUDT, BFBHT 025140 0000

NLINESeN{INES+2 22515¢ 2000

€ mmmmmmm e e e et 02516¢ 0000

149 NREACHeA(I,4) 025170 0000

IF (IPR.NE . NREACH} IPReNREACH 025188 @000

SET UALUE FOR GAMMA IN THIS TUNNEL SEGMENT IF NOT INPUT 225192 2000

IF(NTSTYP.GT.1.AND.A(Y,22).LT.0.1) A(l, RONEN 225200 0000

SET VALUE FOR penmenstxrv IF'NOT InPUY 025210 0000

1 IF(NTSTVP.GT.1.AND.A(1,25).GT.10.E210) PERM.-PERN 025220 2000

1F(NTETVR. QT .1 AND. A( (1,35).L7.10.E-10) PERMeD10XX2/10. 025230 0000

ACT,25)PERM 025240 0000

1P=$PR 025250 0009

' ¢ RESET Fonnars T0 ORIGINAL IN DATA STATEMENT 025260 0000

: FMTICL)eFMEL 025270 0000

(Continued)
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COSTUN Listing (Continued)

FMT1(11)eFM12 025230 00900
rn?itiv)-rnxa 225230 0000
FMTL(20)FN13 ¢2530¢ 000t
FAT1(21)FM14 225310 0000
IF(NTSTYP.EG.1) GO TO 145 02532¢ 0002
FMTL(14)FN1S e2533¢ @
FMT1(12)eFM1E 025340 0002
FATL(13)eFN1SE 025350 00
FMT2(4)aFM1? 225360 000
MT2(7)=FM18 25370 000
FMTE(12)eFM19 025380 000
MT2(15)sFM20 225350 0000
IF (NTSTYP.EQ.2) GO TO 145 025400 2000
FMT1(8)eFMa1 225410 9
FMT2(8)sFM1S 025420
EMTL(15)sFM15 225430
145 CONTINUE 025440
IF(1+1.LE.NTS) RETURN 225450
¢ SET HOURS AND DAYS FOR LAST REACH IF NOT INPUT 025460
IF (TRDATA(NREACH,8)>.LT.0.1) TRDATA(NREACH,8)=24.0 025470
IF (TRDATA(NREACH.9).LT.0.1) TRDATA(NREACH,9)E.0 025480
WRITE(LO, 1004) 025490
RETURN 025500
¢ 025510
C P e 88 03333 3¢0 3083333083803 02¢3003¢8¢3330¢03330¢¢33%33¢882¢¢¢¢ QN-I-1-11-0"]
[+ EXEEXEXXEXXXXBXRAXXREXRKXXXEENXKR AR RXEEKXREEXXXKLAXX XXX KKXTARAXKEX Q25530
C AETEXEXXXEXRXXEXRRKXEEXXXIXEXEXX XXX RAKAXKIXLXXEEXKXXXIAXXXNLXAXKER 025540
g b398 P 000 P P00t 0 0008000830005 300003898899¢8202¢833¢2900¢4 gsgggg
150 IF(LIST(3).EQ.0) GO TO 200 025570
¢ SET UALUES OF GAMMA, PERM, HOURS AND DAYS IF NOT INPUT 025580
NSHAFT*B(I,1) 025550
NSSTVP«B(1,15) 025600
IF(NSSTYP.£G.1) GO TO 160 225610
IF(B(I,18).L7.8.1) B(I,18)=120. 025620
IF(B(I aa) .GT.10.€-10)'PERM=-B(1,23) 025630
Dio-B 025640
tr(s«x éa> L7.10.E~10) PERM=D10X%2/10. 025650
B(1,23)PERM 025660
160 CONFINUE 825670
IF (SHAFT(NSHAFT,17).17.0.1) SHAFT(NSHAFT,17)24, 025680
IE(SHAFT(NSHQFT 7181.LT.0.1) SHAFT(NSHAFT, 18)+6.0 g:seso
g WRITE OUT THE DATA CONCERNING THE SHAFTS g 5
¢ 0
€ mmmmemm oo @
200 NLINESSNLINES+1 0
. IF(NLINES.LE.45) GO TO 230 o
-
WRITE(LO,1010) 225
WRITE(LG,1011) ¥
NLINES*® °
230 NSHAFTeB(I,1) @
NSSEG=B(I,8) e
BFSeSHAFT (NSHAFT, ?) 0
NPT«B(1,3) e
NPBeB(I,4) )

(Continued)




COSTUN Listing (Continuced)

NPORTeSHAFT (NSHAFT,23) 025860 0820
NPTSeSHAF T (NSHAFT, &) 22587¢ Q230
NPls-suaFT(NSNaFT 3 92588¢ 0000
JRSeB(I.S) 92588 o200
T D) 225500 000de
NSSTYPeB(I,15) 225510 0000
IPSa1IP 23592¢ 2000
C  ~meerccccccaccceccceccccceacesccmmeecscmesem oo a——n- R et e T 225930 0000
¢ FIND THE ALPHA NAME FOR TWE LINING TYPE 026940 0000
LINING=B(], 6 10} 225950 2020
IECLINING.£Q.@) LTVP=NONE 225960 2900
IFCLINING.EG.1) LTYPeICONC 225970 0000
IF(LINING.EQ.2) LTyPelSHOT 225980 0000
IF(LINING.EQ.3) LTYPeIPREC 225950 000
oS SRR 226000 0000
¢ FIND ALPHA NAME FOR EXCAVATI!N METHOD 226010 0000
24@ MEXeB(I,7 22602¢ 0000
IF (MEX. éo @) EXMS=TNONE 026030 0000
IF(MEX.EG.1) EXM5=CONU 226042 00ee
IF(MEX.EQ.2) EXMSeTMOLER 226050 2000
IF(MEX.EG.3) ExMS=TMOLES 026060 000¢
IF(MEX.EQ.4) EXMSeHANDS 226070 0000
¢ FIND ALPHA NAME FOR SMAFT SHAPE 926082 2000
ISHAPS «SHAFT (NSHAFT, 16 ) 02605@ 0000
IF(16HAPS.EG.1) SHAPSaCIRCLE 226100 0000
IF (ISHAPS.EG.2) SHAPSsSQUARE 026112 000
¢ FIND ALPHA NAME FOR WUATERTIGHT REQUIREMENT 026120 000
LINUTB(I,14) 926132 9002
IF(LINUT.EG.2) WTLINeANO 22614¢ 0080
IF(LINWT.EG.1) WTLINsVES 026150 0000
IF(NSSTYP.EG.3) WTLINSYES 026162 0000
ELJATR*B(I,13) 026170 0000
HOURS-SHQFT(NSHQFT 17) 026180 0000
DAYSeSHAFT (NSHAFT, 18) 026190 9009
€  ~mmmemmemeecmmeaeliceaccoemee. “mmmmmaameceecmeseeecassceacoa 026200 8000
AReB(1,8 026210 2000
FIND ALPHA NAME FOR SHAFT GROUNDWATER INFLOW 026220 0000
INFLOW=B(I,9) 026230 0000
IFCINFLOW.€G.1) GRDUSWET 026240 2000
IF(INFLOW.EQ.@) GRDW=DRY 026250 2000
o et e e L UL LU LSO 926260 2000
TL=B(I 026270 0000
1IF(TL. Ls 0. TLe0. 026280 0000
DDS»SHAFT (NSHAFT,S) 026290 0000
TARTEMeSHAF T (NSHAFT, 11) 026300 2000
260 ICDSeSHAFT(NSHAFT,6) 226310 00020

C  mmme et e e e e c e cmmcmcmmmem e 026320 0000 ]
¢ SEE IF THE SWAFT FOR TWIS SEGMENT IS SAME AS PREVIOUS SWAFT 026330 0200
285 IF(IPS.EQ.NSHAFT) GO TO 298 026340 0000

¢ SET UALUES OF HOURS AND DAYS FOR PREVIOUS SHAFT IF NOT INPUT 026350 0000 ]
IF(1.€G. 1) Go To 288 Q26360 0008

NeB([-1,1 226370 0000 4
trzsuacﬁ(n 17).LT.0.1) SHAFT(N,17)224,0 Q26380 00200
xrtsuarr(n 18) LT 0.1) SHAFT(N.1B)#6.0 026390 0000
288 URITE(LO,1 226400 2000
b 299 IF(IPS. eé.usun:rm URITE(LO,2000) 026410 0000
NLINESeNLINES+ 026420 0000
¢ CHECK FOR PORTAL 026430 0000

(Continued)
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COSTUN Listing (Cont inaed)

IFCNPORT.EQ.0) GO TO 292 026440 0000
uazrs(Lo 8208) NSHAFT,NPTS,DDS, ICDS, JARTEM 236450 0000
. 0T egg:g: 9009
¢ ¥ SHAFT 16 INPUT LHEN NO SHAFT 1§ REQUIRED FOR OPEN CUT REACH 026486 2090
292 IF(ISHAPS.NE.0) GO TO 36 026450 ©
WRITE(LO 2168) NSHAFT,NSSEG,NPTS,NPBS, DDS, 1CDS, JARTEN 6500 2000
. %070 38 sgscie sees
¢ ADJUST FORNAT AND LRITE STATEMENTS 70 PUT lLanKs IN OUTPUT WwHEN 028530
VARIADLE CHECKED 18 NOT SPECIFIED IN INPUT DATA 826540 2006
300 IF(AR.GT.8.8) GG TO 301 550 80
AR« BLANK 026560 9@
FHT“.)- [} [} 70 2000
301 IF(TL.GT.9.9) GO TO 302 226580 09000
TLeBLANK 226590 0000
FAT4(13)=FNS 026600 0000
302 I1F(HOURS.GT.8.2) GO TO 303 026610 0000
HOURS » BLANK 226620 0000
FATAT19)eFN9 826630 2000
303 IF(DAYS.GT.0.0) GO TO 305 926648 0000
DAYSeBLANK 826650 0000
FAT4(20)FM3 026660 0000
305 IFCIPS.NE. NSHAFT) GO TO 3e8 026670 000e
NSHAF T+ IBLAN 026680 €000
FRTAC)orRa 026650 0000
HOURS = BLANK 026700 0000
FAT4(19)+FNS 926710 9000
DAYS=BLANK 926720 2000
FAT4(2Q)2FN3 926730 0000
308 IF(NSSTYP.GT.1) GO TO 310 226740 2000
€ memeemao-lollolllllll S 926750 0000
¢ ROCK SHAFT 026760 0000
WRITECLO,FMT4) NSHAFT NSSEG,NPT,NPB,SHAPS, BFS,EXMS, §R,JRS,JRGD, 826778 9900
1GRDY Lrvﬁ TL,UTLIN,DDS, ICDS. 1aRFEM, ELUATR, HOURS, DAVS 026780 0000
6o 15 3 226790 0000
€  mmmmmeceeeec—mccccmcm—aae cmemememcmeecececccmcmccccccaoan- 926800 0000
¢ SOFT GROUND SHAFT OR CUT AND COVER 026810 0000
¢ FIND ALPHA NAME FOR ALLOWING DEMATERING 026820 0000
310 IUJATER<B(I ax) 226830 000e
FOIVATER.£G.9) nunren-ano 026842 0000
F(IWATER.EG.1) DWATERSYE 926850 0000
¢ FIND ALPHA NANE FOR SUPPORT TVPE 026860 0002
SUPPT<B(1,22) 026870 0000
F(15UPPT.£G.1) SUPORT<CIRSEG 026880 @500
F(ISUPPT.EG.2) SUPORTsCONSEG 026850 9000
F(ISUPPT.€Q.3) SUPORTSTLSEG 026900 0000
F(I1SUPPT.EQ.4) SUPORT«STLSET 226910 0000
r(xsuopr.eo.sn SUPORT=OPENCT 026920 €00
D10=B(?, 026930 000
°“?"‘¢"E“ o) 056050 0606
COMESN+9.9 026960 00e
IF(B(1,19).GT.9.8) PHI=B(I,1 026570 000
IF(B(I,17).GT.0.0) Hssn-£<x 17 026980 0000
PERM=B(T,23) 226990 o00¢
ELINP=B(},20) 927000 0000
STABNO-B(§,24) 027010 0000
(Continued)
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COSTUN Listing (Continued)

¢ FIND nLPuA NANE FOR USE OF STABILIZATION METHOD 227020 0000

NUST<D 327032 0000
TE AUt Eoe 2)1USE~ 1FNEC 027040 2000
IF (MUST.EQ.3)IUSEs IFNEC 027050 9002
IF (AUST.£G.4) TUSE-MUSTUS 027060 8000
AIRPReB(I,2 227070 0000
c FIND ﬁLPN& NQHE FOR STABILIZATION METHOD 027080 0000
MSTABeB (I,25) 027090 0000
TEimeTAD Ea:0 8.AND.NUST.LE.2) STABIL-PREFNO 227100 2000
IF(MSTAB.£0.@.AND. RUST.E0.4) STABIL-USENO 027110 0000
IF(MSTAB.EQ.L) STABIL=AIRPRS 287120 0000
IF(MSTAB.EG.2) STABIL<DEVATR 227138 0ed0
IF (MSTAB.EG.3) STABIL=GRDINJ 027140 opee
¢ ADJUST FORMAT AND WURITE STATEMENTS TO PUT BLANKS IN OJTPUT WHEN 027150 eoee
¢ UARIABLE CHMECKED 1S NOT SPECIFIED IN INPUT DATA 027160 0000
1F (GAMMA.GT.8.0) GO TO 320 827179 0000
GAMMA=BLANK 027180 0000
FMT5(3)aFM? 927190 2000
320 IF(PERM.GT.Q.2) G0 TO 32t 227200 0000
PERM=BLANK 027210 0000
FMTS(6)eFMN8 227220 0000
321 IF(STABNO.GT.9.0) GO TO 322 027230 2000
STABNO«BLANK 027240 2000
FITE(19)<FMg 027250 0ede
322 IF(MUST. GT.1) GO To 324 027260 000Q
TUSE=JBLA 027278 0000
324 xr<axnpn o5 .0.0) GO TO 325 227280 0000
AIRPReBLANK 027230 2000
FNTS(13)eFM10 027300 0000
325 IF(JRS.GT.®) GO TO 326 227318 2000
JRS* IBLANK 827320 0000
FMT4(9)eFNE 027330 0000
326 1F(JRGD.GT ) GO TO 329 027348 0000
JR@D=1BL 227350 0000
PHTa 10 FRS 027360 0000
329 IF(NSSTYP.EG.3) GO TO 330 027370 0000
€ R e e e mmm e —ae 227380 0000
¢ SOFT GROUND SHAFT 027390 2000
WRITE(LO,FMT4) NSHAFT,NSSEG,NPT §UEB, SHAS, BF'S sxns aa JRS,JRGD,  ©27400 9000
1GRDY Lrvﬁ TL WTLIN,DDS,1CDS, IARTEN, ELUATR, HOURS 227410 0000
WRITE(LO, 000E) D10, canna PHE, CONESK, PERN, ﬁuar:a sanp SUPORT, 027420 000@
1STABNO, s+nnxL IUSE,AI 027430 2200

NLINES NLIN §+1 027440 0000 i
GO TO 350 027450 2000
¢ e L 027460 0000
¢ CUT AND COUER 227470 8000
¢ SHAFT 15 BUILT WITHIN OPEN CUT CONSTRUCTED FOR TUNNEL 027480 0000
¢ ADJUST FORMAT aND URITE STATEMENTS TO PUT BLANKS IN OUTPUT UHEN 827450 e0de
¢ VARIABLE CHECKED 1§ NOT SPECIFIED IN INPUT 227500 €000
¢ REMOVE VARIABLES THAT DO NOT APPLY TO CUT n~n CovER 227510 e0e®

(Continued)
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COSTUN Listing (Continued)

GRDA, IARTEN, DUATER, ELING, STABIL 027529 0000
€ 330 AR oRTEN. ‘ 027530 6000
1 cIBLANK €27540 0000
FRT4(17)FNR2 027550
DUATER=BLANK 027560 0000
LING o BLANK 027578 0009
FRTS(8)<FA1 927580 0000
stugé BLANK ¢27690 9009
(LOFNT4) nsunrr NSSEG, NPT NPD SHAPS, BFS EXNS, AR, JRS, JRD, 927600 0008
6 1ar%EN, ELUATR  HOURS , DAYS 027619 0000
6006 ﬁ put COMESN, PERH buar:a ELIMP, SUPORT, 027620 0000
‘.‘.{?’NES'SI?REg 103848 Se7eds oo
¢ - - 027650 0000
360 NSHAFT<D(I 827660 0060
TECTPS. NE RSHAFT) IPS-NSHAFT 027670 0000
¢ SET UALUE FOR GANMA IN THIS SHAFT SEGMENT 1F NOT INPLT 227680 0000
IE(NSSTYP.GT. 1.AND.3(1,18).1T.0.1) B(1, 1 827650 0000
IF(NSSTYP.GT.1.AND.D(1.23).GT.10.E~10) PE R BERM 227700 0000
IF(NSSTYP. av {.AND.B(1;23).LT.10.E-10) PERMeD10Xx2/10. 927710 0000
Be1 23:pE 027720 0000
3 927730 0000
¢ n:ssr Foannrs TO ORIGINAL IN DATA STATEMENT 927740 0000
FAT4(1)eFN 927750 2000
FRT4(8)aFmi3 027760 0000
FAT4(13)eFMIQ 927770 0000
rnr4<19)-rn19 927780 0000
FMT4(20)FN 927760 0000
IF(NSSTYP :o 1) GO TO 360 927800 0000
AT5(3)ef 027810 0000
rﬂ <s)-rnxa 927820 0000
FATS(10)+FM19 027830 0000
FATE(13)eFM20 927840 0000
FHT4(S)e 927850 0000
FAT4(10)eFM{5 927860 €000
IF (N§STYP.E0.2) GO TO 360 027870 0000
FNT4(17)eFM23 027880 0000
FATS(8)-Fh12 027890 0009
360 CONTINUE 927900 0000
IF(1+41.LE.NSS) RETURN 027910 0000
" SET HOURS AND DAYS FOR LAST SHAFT IF NOT INPUT 027920 0000
IF (SHAFT(NSHAFT, 17).LT.0.1) SHAFT(NSHAFT,17)e24. I 027930 0009
IF (SHAFT (NSHAFT. 18).LT.0.1) SHAFT(NSHAFT.1B)s6.0 027540 0000
WRITE(LO, 1004) 927950 0000
¢ 927969 000e
3
]
4
(Continued)
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COSTUN Listing (Continued)

={;5=:llllllllll!l!lllllilllll!llllllllllllllllll!llll!llllllttlll

SXRBRERXXRAXEENLARAZEXXAXRAREIRLAANSSLERXSETERAXSRRARAILRERARXEA3S

1000 ronwrmu 49(1Nn T u NNEL INPUT D ATA ‘,4701H%)//

X, ‘REACH $E0 M BOUNDRYEXIT HORIZ ' TUMMEL TUNNEL MUCK EXCAV

Haldfoi- e ocx PROPERTIESI INFLOU sxx LINING XEEX GROUND_WOURS D
vs-/xzx ‘LEFT RIGHT SHAFT LENGTH SHAPE SIZE REMOVAL  TION

ARATE  SERENGTHM RGD TEMP (om) rm: THICK WAT WATER  PER PER *

6743X 'tFT) HETHODK METHOD (FT/DAY) (PSI)’, %, (F)‘, 18X, (IN) T

66T ELE WEE

1004 roanartaa(ax au--;/xax.'sunrac: ,12(1HR}, " SOIL PROPERTIES 13¢
11H8),° DEWAT- IMPERV SUPPORT $xsxx’ STABILIZATION xxxx/11x, NP B
3UNDRY GRN SIZE UNIT W7 PHI CONESION. PERF.- TEMR ERING ~LAVER R
3#: NUMBER METWOD USE AIRPR-/11X,’LEFT RIGHT (M M)  (PCF)

(PSF> (CM/SEC) (F) aLlow ELEC. 30, (PSI>’)
1082 ronnar(aatax 2H--)/11X, “SOUND xCUT AND COVERX xxBOX paopsnrx:szx'
714 S'nocx DECKING BRACING UNITS UIDTH MEIGHT'/i1X, ‘ELEV.’,25X,
77)

OO0 O

02797¢ 0000
0279

3’ (FT 028160 0000
1084 FORPATC X, 1311 1H~ » 28170 0000
1010 FORMAT(1H1 S0(1Kx) FT INPUT DATA *,48(1H8)// @28180 00
11, SHAET £20 NE BOUNDARY "SURET SHAFT EXCAUR- UNF ADU’ SROCK PROP. 028199 0000
A INPLOG xhs LINING Nete DISPOSAL DISPOSAL ABOUE GROUND  HOURS DAV 828200 6900
3s'/1xx “UPPER LOUER SHAPE SI2E TION  RATE _ STRENGTH oRaD 028210 0000
TYPE "THICK WAT DISTANCE  COST GRND. WATER  PER PER‘/31xX, 028220 9000
8 (FT) RETHOD. (F} Daw) [(PSI>7.20X, *(IN) 6T (MILES) 8/ RCRE Y JER 330550 2000
6P ELEV. DAY WEEK' 028240 0000
1011 FORPAT (33(2X  BM=- /85X, 11 (1HE),* SOIL PROPERTIES *, 10C1HK) DEW 928250 0900
1AT-  INPERU SUPPORT BXX13 sraixszaTxon TERKE 022K, CGAN S1ZE UNIS 6C8366 96
2 UT PHT COHESION “PERR. RING ~ LAYER TVPE  NUMBER METHOD 028270 €9 i
3 UsE AIRPe” 723K, (A 1) o) (PSF) (CM/SEC)  ALLOW 8280 820
. . ‘s
2000 FORMAT(1X) 300 0000 ;

2100 ronnar<1x.x4 15,18,16, 10X, 'THIS SHAFT 1S A DUMMY’ 36X, F7. 1 18,17)
2200 ;85"“1(1f4§4x16 é x FT AT NODAL POINT’,14, 15 abtuaL{y
0001 rgangf(/ X 14,1 s,xs xs¢151x7gax 06.F7.2,2X,46,2X, A6, F8. 1, 3K, 16,
0002 ;gknn*x/ﬁs i éé ééie;ﬁ,év 1,F5" o rv.e t10. 2,15,R6,F8.1,2%,A6,
8se3 roanar(},xéx 7.1,1X,A6,2X,A6,15,F8.2,F7.2,/

0004 roan r{/i i4 1511361§.ax,?s.rs “2,1X, A6, ré.z 3ax,16,15,A6,R6,F6.1,
0006 rokna%ci.abx t:o'airvl:irsloirv.o £10.2,4%,06,F8.1,2X,R6,F6.1,2X,

1:36 LAG,FE.1,

(Continued)

28339
028345 o000




O N S A Pt e )

SUDROUTINE SIZEST(1,A,B,CNP,SHAFT, TRDATA,NTSRAX,NSSMAX, NPAAX, MSMAX
1,NTRMAX )

- -~ - = - - - - - - - - e e m et m - —- .. - ———————— - - -

- - 8 = D U e = = P o = - e = ———— - - -

[eTUNNEL OR SHAFT SEGMENT NUMBER
THIS SUBROUTINE CALCULATES THE FOLLOWING IN TUNNELS OR SHAFTS
BE,BE46, BE6O, TL,DOB, 30B48, BOBER, UEB, TPLATE, YSEG, DTRNCH, SIDEL, UBOX,
TUbL, FORMAR, UTUALE, UTSTRT, UTANCH, UT5P,UTSPD

- - - T 2 e W D e A -

- . Y A T B e -

13333338308 220003 2o ettt etit ettt eissiedttsettoststesss)]

GENERAL DATA
T3PS e 200000803+ ti Rt sttt stottistiRetssiioiiesitoetstsssosdt

COMMON /BASIC/ NSS,NTS

COMNMON ,A/ LO,LI,PM,OM,LIST(40),TITLE(160),5TABEG, ITYPE
DIMENSION ﬁ(N*SNAX,SBJ,B(NSSHﬁX,43J,CNP(NPNQX,B),éHAFT(NSMRx,E3J,
1 TRDATA(NTRMAX,23)

REAL MIN,MAX

IsTUNNEL SEGMENT SEQUENCE NUMBER
ITYPE=L INDICATES TUNNEL SEGMENT
ITYPE={

NREACHeA(],4)
NTSEGeA(I,1)

TLIN®A(TI, 1)
BFT«TRDATA(NREACH, 2)
BFeBFT

LINING=A(I,1@)
NEX*A(1,7)
Ig¢aps-fnnarnz~ncncu,3)

MSTAKE «@
ELUATRSA(I, 14)
NPL+A(T,2)

NPReA(I.3)
ELNPLeCNP(NPL,2)
ELNPR=CNP (NPR2)
ELAUGe (ELNPL+ELNPR) /2.
LINUTeA(T,16)
NTSTvPeatt,16)
NSSTYPeQ

GO TO 10

[elelelalelelelelelelelole]

OO0
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COSTUN Listing (Cont inucd)

ENTRY SIZESS(I,A,B,CNP,SHAFT, TRDATA NTSMAX,
NTRMAX )

T=SHAFT SEQMENT SEQUENCE NUMBER
ITYPE=2 INDICATES SHAFT SEGMENT
tTypE-2

thn-n(x 11)

NSHAF Te

15HAPS « snn#r(usnarr 16)

IF (1SHAPS .EG.9) RETURN
uponr-sunrvtnsnnrv.aa>

IF (NPORT.EQ.1) RETURN
NSSEGeD(I,2)

)gs-suasr(usaarr )

anxuc-s<x 10)
MEX<B

MS TARE s 6
ELUATR<B(I,13
LINUTeB(I,14)
NSSTYP=B (i, 15
NTSTYP=@
NPTeB(I,3)
NPBeB(I,4)
ELNPT=CNP (NPT, a>
ELNPBeCNP (NPB

ELAUG» (ELNPT*&LNPB)/E.

)
)

CONVERT TL TO FEET

TLIN'TLIN/ i2.

IS IT A ROCK TUNNEL OR SHAFT
IF(NTSTYP.EQ.1.0R. NSSTYP.EG.1) GO TO 15
IS IT A SHAFT

IF(ITYPEEEO «2) GO TO 12

8}

17)

22)
NPTS=SHAFT(NSHAFT,2)
ELSURF-CNF(NPTS a3
Ple3.141560
DUATER-ELSURF -ELUATR
1CUTN

15 17 h SOFT GROUND TUNNEL OR SHAFT

(Cont inued)

NSSMAX, NBNAX, NSRAX,

- - - -
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CUSIUN Listing (Continued)

L£0.8 .OR. NSSTVP.EG.2) GO TO 1000 029360 0000
55‘#7'Tv' €a.2 .ok 029370 0000
¢ 239380 0000
¢ 029390 0000
029400 0000
8 IREREXREXEXXLEERERBRAEAXERRALARERABAAXXXLEABEANXRXBARRXS XX KA X LR XXX 925419 2000
¢ ROCK TUMNNEL OR 085420 930e
[ SRR XAEEREEXXAXRIRXAXREBLXXAXRLLRREAXERRAXAKBEEXAXAEXXAXX B X XXX :gg:% g::g
¢
IS A FLOU INDICATOR 029450 2000
¢ 6 ild 029460 0090
& ING FOR UATER PRESSURE HIP ]
¢ LININ u
¢ PUATER=62. 4X (ELUATR-ELAVG o2950¢ 8090
WA . 43 (ELUATR=- )
i SR et i
WEB 9. 929630 0000
¢ YEPTHe UATER LOAD IS ZERO, ASSIGN PUATER@.091 FOR ESTIMATING 029540 08000
¢ LINING THICKNESS ( ZERQ UALUE MAY MAKE RESULT INDEFINITE > 029550 0000
3 TF (PUATER. LE..0.001) PUATER=?.001 029560 0000
IF (LINT.£G.8) PUATER=0. 00 029570 0000
IF (TTYPE.EQ.2) GO TO 21 029580 0000
G0 T0(a3,82,23), ISHAP 229590 0000
21 Ok-gosgtﬁtPUh?Eﬁ/(288000.-PUQTER) 2232?2 0eee
22 3040 730-103BF 1%0. 868PUATERRE] . GLEXP (SORT( (16.9-1.428ALOG(PUATER)) 059620 0000
1182+8.32)) 029630 0000
0 30 029640 0000
23 $0. 1088275 (7. +4. S30F )8PUATERS31 935XEXP (SGRT( (6.5-0.565%ALOG 029650 0000
1 (PUATER ) )8X2+40.17) 929660 0000
¢ SETMIN, CONGRETE THICKNESS TO BE 8 INCHES. IF SHOTCRETE 029670 0000
¢ THICKNESS 'NOT INPUT, SET MIN. TO BE 3 INCHES 829680 0000 '
30 IF(LINING.EG.1 .AND. TL.LT.9.6666) TL+Q.6666 029690 0000 ;
. IFCLINING.EG.2.AND. TLIN.UT.0.001.AND.TL.LT.0.25) TL=0.25 829760 8909 :
¢ FLOW CONTROLED BY RQD VALUE 929720 0000
¢ 029730 0000
1F(RAD. GE.60.) GO TO 208 029740 6000
IF(RGD.LE.40.) GO TO 100 029750 0000
¢ ROD LIES BETUEEN 40 aun 60, INTERPOLATION OF SIZES IS NECESSARY. 029760 0000
¢ $12€ UILL D€ COMPUTED FOR RGD=40 AND ROD=6@ BEFORE INTERPOLATING 029770 000¢
¢ G OBTAIN SIZE AT ACTUAL RaD 829736 9908
¢ sron: THE ACTUAL VALUES OF LINING THICKNESS AND RGD 229800 0000
RGDDeRGD 029810 0000
TTeTL 029820 0000
¢ ASSIGN A FICTICIOUS RGD FOR THE FIRST PART OF INTERPOLATION COMP 029830 0090
RQD- 40 029840 €600
¢ ¢29850 0000
¢ RGD IS 490 OR LESS 029860 0000
¢ 029870 0008
¢ HAS A LINING THICKNESS BEEN INPUT. IF SO,COMPUTE AND STORE 029880 0000
¢ EXCAUATED DINENSION USING THIS THICKNESS 029890 0004
¢ CHECK FOR CIRCULAR SHAPE 029560 0008
g o AR T g
¢ COMPUTE DEPTH OF STEEL RID SUPPORT 029930 0000
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UED =(0.30430F+3.36 /18, 929940 9000
TQ 148 029956 9000
c CONVENT TONAL EXCAUATION 025980 9900
110 UED =(0.B854xDF+0.17-0.0645R0D ) 12, 029570 0000
Q0 TO 130 025980 0000
¢ "°k‘ EXCAUATION 929950 0000
1;: u; .0, 07!!?00.13l-0 ose:nao:/xa. 030000 0000
13 1 tut)z:a L .4.0) UED 712, 930010 0090
c I8 SEGMENT LINED OR unnrnen 030020 0000
145 IF(LINING.GT.®) GO T0 150 030030 9000
(3 NO ixnxns 030040 0000
BE<BF+UEDRR. 030050 0000
TL=0.0 030060 0000
GO TO 409 030970 0090
¢ LINED 230080 0000
¢ CHECK FOR LINI Nc rvre 030090 0000
180 IF(LINING.EQ.1 030100 2000
¢ CALCULATE excauar:n nxnsnsxon FOR SHOTCRETE 230112 2000
IF(TLIN.GT.0.001) GO TO 160 030120 ©000
¢ CHECK IF RIB Tuxcxnsss + 3 IN. .ce THE LINING THICKNESS 230130 0000
162 IF(NEB +d.25 .GE. TL) GO TO 155 030140 0000
ns-nr¢a x ! 030150 0000
030160 00080
185 n:-nr«uenxa +0.5 032170 0090
GO TO 4 230182 2000
¢ CHECK xr THE cxuen LXNING THICKNESS .LT. THAT FOR WATER PRESSURE 030190 0090
169 IF(TLIN.LT.TL) MSTAKE«2 30200 0900
xr(eru LT.T0) ao TO 182 030210 0600
TLeTLIN 230220 0000
166 IF(NEB  +0.25.GE.TL) GO TO 156 030230 0000
lE-lFoa.lTLIN 230240 0000
GO TO 400 030250 0000
c CONCRETE 030260 0009
170 TLNINSUED 333 030279 0000
IFCTL.LT, TLHXNJ TLaTLMIN 030289 200
¢ WAS A LINING THICKMESS INPUT 030250 0000
IFCTLIN.GT.9.0@1) GO TO 175 230300 2000
174 3s-sr+a. TL 930310 0000
GO _TO 40¢ 030320 2000
¢ CHECK IF THE cxusn anxuc THICKNESS .GE. MINIMUM DIM. REQUIRED 930330 2009
175 IFCTLIN.GE.TLMIN) GO TO 176 930340 0000
¢ ERROR ~ TL INPUT IS NOT THICK ENCUGH, PRINT WARNING 030350 0000
¢ UAS THIS A TUNNEL OR SHAFT 930360 0000
IF(ITYPE.EQ.1) WRITE(LO,1010) NTSEG,NREACH 030370 0009
IFCITYPE.EG.2) URITE(LO,1011) NSSEG,NSHAFT 030380 0900
MSTAKE = { 230390 2000
GO0 _TO 174 03040¢ 0000
¢ CHECK IF THE GIVEN anxnc THICKNESS .LT. THAT FOR UATER PRESSURE 030410
176 IF(TLIN. LT TL) GO T0 1 030420 0000
nz-.ro ATLIN 30436 9000
3615 480 030450 0066
177 MSTAKE=E 30
G0 TO 174 930470 0000
¢ 35 e
¢ RGD I8 GREATER THAN OR EQUAL TO 69 030560 0000
¢ 030510 0000
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€
NG.EO.E) GO0 TO 259
N.LT.0.666) GO TQ 269
50

T ERROR - TL INPUT IS NOT THICK ENOUGH, USE TL*0.667
F ERROR HESSQGE UQS ALREADY PRINTED,SKIP T NOW
F(MSTAKE.EG.1) TO 216

FC(ITVPE.EQ.1) URITE(LO 1010) NTSEG,NREACH

F(ITVPE £0.2) URITE(LO,1811) NSSEG,NSHAFT

H

IFCTLINGLT. TL) GoT
DE-DF‘& STLIN

GO TO 216
OUERDREﬂK DIMENSION

0 216
ECK IF THE GIVEN gIgIgG THICKNESS .LT. THAT FOR WATER PRESSURE

-

WHAT 1S THE EXORUﬂTION METHOD
IF(MEX.EQ.2) BOB~BE
IF(NEX.EQ.1) BOB=BE+(250.~ROD)X(BE+10.)/2500.

RQD BETUEEN 4@ AND GO

IF(II.LT.3) GO TO 459
BE40<BE
BE6O-BE
30840-308
DOIGO'BO'
T0 600
IF(II GE.2) GO TO 500
lEgzelE AND 303 COMPUTED USING FICTICIOUS RQGD=4@

BOB49+B0B
REDEFINE RGD TO A FICTICIOUS VALUE OF 6@ FOR SECOND PART OF
IgTERPOLﬁTION COMPUTATION

R@De
¥5EESTalLISH INPUT UQLUE OF LINING THICKNESS FOR PURPOSES OF

THECK IN STATEMENT 200
REDEF!NE FLOW INDICATOR
11a11¢1
GO TO aee

(Continued)
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COSTUN Listing (Continucd)

& AND Bob COMPUTED USING FICTICIOUS RaDeBe - TTTTTTTT 83iite eeee
AN .

€ soo oscot 031120 0000

030D 931130 0060

¢ € BE AND BOB DY INTERPOLATING BETUEEN BE AND 30D 03 iee 9860

€ CALCULATE BE AN v ATIN

; GALCES AT RGD-46 AND RoDe66 831160 veed

E£<DE49+ (RGDD-40. ) /20, S (BESO-BE4Q) 031180 0000

. BE e 0De0s RODD 40, 726 . R(BODEO-BOD4E) e3iide 2008

560 IF(LINING.NE.1) GO TO 690 31510 oeee

¢ 70 COMPUTE THE AUERAGE THICKNESS FOR THE CONCRETE LINING 231520 0000

€ UHEN THE RGD 16 BETUEEN 4@ AND 60 031550 0000

TL-(DE-DF )2, 031540 0000

¢ 031550 0000

€ 031560 0000

- J— - 031570 0000

€ SET UARIABLES FOR SHAFT OR TUNNEL SEGNENTS e31280 0000

699 IF(ITYPE.EQ.2) GO TO 700 031300 0000

¢ 7 TUNNEL SEGMENT DATA 031310 0000

AC1,39)9BE 03:320 0000

A(I.40)=BE4Q 031330 0000

AT 41)-DEGO 031340 08¢0

] A(I,42)=BOB 931350 0009

AT’ 43)-D0B4Q 231360 0000

A(1.44)-B0BGO 031370 0000

A(1.62)WED 031380 0000

A(I.84)-PUATER : 031390 0000

AT S1) = T 231400 9000

IF (ASTAKE .£G.2) WRITE(LO,2718) NTSEG,NREACH 031410 6000

GC TO 4060 031430 0000

¢ 031430 0000

€ SHMAFT SEGMENT DATA 231440 0000

700 (1,29)<BE 31450 0000

B(I.30)-BE40 031460 9000

B(I.31)+BE60 231470 0000
B(1,32).B0B 031480 0000 ;

B(I.33)-30840 031490 0000

B(1.34)-B0B60 031500 0600

DI 41)-UER 031510 0000

B(I.43)<PUATER 031520 €000

B(I.11) = TL 031530 0000

1F (RSTAKE .EG.2) WRITE(LO,2711) NSSEG,NSHAFT 031240 0600

G0 TO 4060 031550 0000

: itk 2

C EXXEXEXXXEXEXEEEXXXXBXXIXTERARXTEXXXXSAXXREEXXXIEREXALLTZRAAXXRXNEE 031580 0000

¢ SOFT GROUND TUNNELS AND SMAFTS 031590 0000

[ EXREEARXXARARXIXTERXEZEERXXRKEXXEXXEXREXX XX AXRSXRXXXRATARAILARRREAX 031600 0000

1000 BE-DF 031610 0000

Ned 031620 0000

| ja=e 031630 0000

ANPHISTANCPHIZPL/180. ) 031646 0000

¢ . - 031656 0099

¢ WINIMUN SUPPORT SIZE 031660 9099

¢ - 031670 0009

(Continued)
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COSTUN Listing (Coatinued)

91,1002, 1003, 1005), ISUPPT 031680 €000

¢ ﬁsu SEGMENTED SupsoRt 231650 0300

1008 031700 0000

LHIN- . 031710 0000

Feod 031720 0006

g0 30 1004 031730 6000

¢ cast CONCRETE SEQMENTED SUPPORT 021740 0820

1002 7 m‘?ﬁ ..128 HHS R

9.

rr 931770 Q000

STEEL 2%%enTED supPoRT 031790 sese

1003 TSECMN-0.583 031800 0000

TPLMING. 03 231810 90000

o4 031820 0000

1004 IF(TLIN.GT.9. .AND. TLIN.LT.TPLMIN) GO TO 1008 831830 0000

cF(TslN .GT.TPLMIN) GO TO 1025 gg}ggg :ggg

1025 IF(ELWATR.LT.ELAVUG .OR. LINUT.EQ.Q) GO TO 1026 031860 0000

G0 TO 1009 931870 9000

c UHEN VATER PRESSURE=@, INPUT LINER THICKNESS GREATER THAN MINIMUM 931880 0000

VALUE WILL BE acCEPTED 031890 0000

1026 12- 931900 9000

TPLATE-TLIN 031910 0000

GO _TO 2354 231920 0000

¢ STEEL SEGMENTED SUPPORT 031330 2000

19€5 IF(LINING.EG.2) GO TO 1006 031940 0000

TLNIN=0.6666 931950 0000

IF(TL!N GT.0. .AND. TLIN.LT.TLMIN) GO YO 1008 031960 0000

GO TO 1000 931976 2000

1006 TLHIN-O 333 931980 0000

IF(TLIN.GT.0.) TLMINeQ 031990 0000

G0 TO 1099 232000 2000

¢ INPUT = LINER OR LINING THICKNESS LESS THAN MINIMUN UALUE 932010 0000
1008 MSTAKE=1 032020 0000 )
¢ ---- 932030 900¢ ]
¢ UNIT VEIGHT OF SOIL 932040 0000 ;
¢ ---= 032050 0000 :
1008 nnss-ns 932060 0000 4
032470 0000 4

SEGDEP-ELSURF-ELAU 937,080 0000

c CHECK FOR GWT ABOVE cnouuo suaracs 232090 0000

IF(ELUATR.GT.ELSURF) GO TO 1045 032100 0000

c CHECK FOR SEGMENT BELOU cur 032110 2000

IF(ELAVC.LT,ELUATA) GO TO 1015 032120 0000

¢ GuT IS BELOU s:cn:nw 032130 0000

$100AH-SEGDEPEGA 032140 €000

If (SEQDEP. LE.2. D G0 TO 1012 032160 0000
GANNAACGH 032160 9000 ,
ca 5ids oo ,

1012 cnnuac-annna 032190 0000

GO0 TO 1050 032200 0000

¢ SEQMENT IS DELOW GUT 032510 0009

1016 sxccau-nuavsnxcanna+csnuara-sLnuc)x(cannn-ca 'y 032220 0000

[ECRER G 2 40 20 70 1ot fieEe seed

¢ 3tcng' T 18 ntsnsn FHaN 2BE AND GUT 1S WITHIN 2DE OF GROUND SURFACE 032856 0900

(Continued)




COSTUN Listing (Continued)

atﬂﬂﬁﬁ-(OAHHQlDUﬁTEIO(GQHHA-CE +4)5(3.3BE-DUATER ) )/ (2. 2BE)
= (GAMMA-62.4

1084
gtOHGNT AND GUT ARE BOTH DEEPER THAN 2DE
GAMMAA *GANMA

® (GAHMAS (DUATER-2. XBE )+ (GANMA-68. 4 )X (ELWATR-ELAVG))
7 (SEQDEP-2. XBE )

gtentn% IC WITHIN 2BE OF GROUND SURFSLE
103‘ GANMAC  (GAMMASDUATER® (GANNA-62. 4 )X (ELUATR-ELAVG ) )/SEGDEP

G0 70 1§

GUT IS ABOVE GROUND SURFACE
GANNAA=GANMA-62. 4
aanﬂal-cnnna-sa.4

GAMNAC *GANMA-62. 4
SIGGAMN+SEGDEPS (GAMMA-62. 4
ADJUST UNIT UEXGHTSOOF SOIL FOR DRAINED SEGMENT

c
1050 IF(LINJT.E .1) GoT

[rlels]

o000

GAMNAA=GAMNA
GAMMAB=GANNA
GAMMAC=GANMNA

-

EXPRESS SOIL srae~crn'x~ TERNS OF EGUIVALENT PHI

1100 PHIEQR'QTAN(COHESNISIGGQH#TQNPHX)
PHIEG=PHIEQRX180./P1
IF (PHIEG.GT.45.) PHIEQe4S.

TUNNEL AND SHAFT LOADS . ’
ESTABLISK SEGMENT TYPE AND SWAPE FACTORS
I :SEGDEP.LE -23E) GO 10 1300
FSHAPE=1
R ee f. 1) 60 10 1110
SHAFT SEGAENT
FSHAPE =8

1?(I$HAPS €Q.2) F=08.6
IF(ISHAPS.EQ.2) FSHAPE+0.6

GO TO 12090
UNNEL SEG

¢ MENT
1110 JF(ISHAPE.EQ.3) FSHAPE=1.25

1200 PSOIL~2.SBERGANMAASF +(SEGDEP-2.3BE )%X(Q.34~PHIEQRSR, / Y
1 GAMMABSFSHAPE 2.%8 0.3 1ECES2. /6000

@0 O 131
1308 et dvee. £9.1) G0 TO 1301
SHAFT SEGMEN
g;?i§NAPS £0.2) Fe9.6
1301 PSOILeSECDEPXCAMNACEF

c
ciﬂl. IF(?INUT.EO +1) GO TO 1320

e
GO T0 1330

(Continued)
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COSTUN Listing (Continued)

1 UATIRT!
1380 P ﬂ'“ . Ql( ELUGTR-ELAUG )

F(PUATER.L .0 ) PUQTE
139 2'(!*!.’5? LE.3 . ER. TI.XN GT.TPLMIN) GO TO 1331

40 4D 00 00 00 00 CO e
83:8833323
o
®

)
]
0
H
rtoroL-psoxLoPu 032890 2000
GO TO 2000 032500 2000
¢ INPUT LINER THICKNESS GREATER THAN MININUN UALUE UILL BE CHECKED 932310 8000
¢ FOR UATER PRESSURE 032520 9000
1331 PTOTAL® ua‘r: 032630 000e
¢ IF PSOIL, PUATER, OR PTOTAL EOUAL @, THEN ASSIGN A UALUE OF 0.001 032940 9000
¢ FOR :sr:ﬁarxuc Oppoa T SIZE 032950 8000
2000 IF(PSOIL.LT.0.001) PSOIL=8.001 032560 0000
IF(PUATER.LT.0.001) PUATER=6.001 032970 0000
IF(PTOTAL.LT.0.001) PTOTAL+@.001 032980 0000
¢ --- 032990 0000
¢ SUPPORT SIZ2E 933000 0000
¢ - ---- 033010 0000
GO TO(2100,2200,2300,2400), ISUPPT 933020 0000
C_ __ CAST_IRON SEGMENTED $UPPORt 033030 0000
aiee TPLATE-?.E-sxlFtlo.SBIPTOTthlo.?S 933040 0000
: 0 T0 2350 033050 0000
i ¢ pnecasr CONCRETE LINER 033060 0000
G 2200 IF(ITYPE.EG.2) GO T0 2235 933070 0000
¢ TUNNEL SEGMENT 933080 0000
IF (1SHAPE-2) aa:o 2220,2 033090 0000
2210 TPLATE=1.SSE-8%(Q 140, 646:3F)xPTOTathi.stxP(SOth(s 6-0.563AL0G 033100 2000
1(PTOTAL ) )XX2+8., 916 233110 0000
Go 350 033120 oe0e
2280 TPLATE®2.6E-7X(0.1+8.04488F )XPTOTALEX1. 38XEXP(SORT((9.25-0.775x 933130 0000
1ALOG (PTOTAL ) )X%2+0.048)) 033140 0000
G0 TO 2350 33150 0000
2230 TPLRTE-G BE-8X(Q. 149 0441BF J3PTOTALLZ1 . 4BXEXP(SORT ((11.3-0.941 933160 0000
1ALOG (PTOTAL))#x2+0.21) 033170 0000
co T0 aaso 933180 0000
SEGMENT 933190 0000
aaas xr(xsuaps £G.1) GO TO 2210 033200 0000 3
TPLATE=6.8E-7X(S. #4.7!8F)lPTOTﬂLX!0 9ILEXP(SORT((5.22-0.45%AL0C 933210 0000 :
1:PToTnL:)xxaoo 08) 033220 0000 e
GO T 033230 0000 ;
¢ TEEL szcnsnrsn supponr 033240 0000
2300 IF(ITYPE.EG.2) 2335 033250 9000
¢ TUNNEL SEGRERT ° 033260 0000
IF (ISHAPE-2) 2310,2320,2 033270 0000
2310 TanTE;gsssz-vx)rxxo aiproTnL:xo 88 3‘3533 9008
2320 TPLATE6,6E-4XBFXXQ, 743PTOTALEXQ. 39 033300 0000
GO TO 236 033310 0000
2330 TPLATE=8,5E-43BFXXQ.718PTOTALEXRG. 38 033320 00900
G0 TO 2360 033330 0000
¢ SHAFT SEGMENT 33340 0000
2335 IF(18HAPS.EQ.1) GO TO 2310 033350 0000
TPLATE=0. 001835339 765PTOTA EH 33360 0000
2350 IF(TPLQTE.LT.TPLHIN) TPLATE=TPL 033370 oeee
¢ INPUT ~ LINER THICKNESS oasnrzn Han COMPUTED VALUE WILL BE USEC 33380 0eee
iF T:%QTE°LTPI5§=) NS TELIR It  TPLATE) MSTAKES3 333106 oo6e
2384 *o:o-rrxr LATE 033410 0000 ]
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COSTUN Listing (Continucd)

F(TSEQ. LT TCEOHN) TSEG=TSEGRN
S(!TYP .!0 R) GO TO 2366

n( Jethrate
ACI.11)eTSEG
83)-p801
( .‘4 YsPUATER
(1,65)-PTOTAL
0 f0 2600
HAFT SEGMENT
(1,29)°BE
¢ .41:-ranrz
(1.11)TSEG
(1,30)PSOIL
(1.43)«PUATER
( 31)-PToTnL
ot
1

0 260
TEEL RID uxvu LINING
NING_THICKNESS .
FOR CUT-AND-COVER SHAFT CONCRETE LINING IS TO RESIST PSO:L+PUATER.
WHEN INPUT LINING GREATER THAN 8 IN., TMICKNESS 15 CHECKED FOR
UATER PRESSURE ONLY
2400 IF(ICUTNC.EQ.1 .AND. TLIN.LT.0.666) PURTER=PSOIL+PUATER
IF(ITYPE.£G.2) GO T
C  TUNNEL SEGHENT
IF (ISHAPE-2) 2416,2420,2
2410 TLOO.S!IF!PUATER/(288060.-PUGTER)

GO TO 2445 4
2420 TL5067;§ 102BFx20.BEXPUATERXX1 . 9XEXP(SART((16.9-1.422ALOG(PUATER)) 8

»
-
[

L 4

c
2360

rmo---.aoat

[elelelele]

0 T0 24 5
2430 TL'3.BE-7!(7.#4.6!'F)!PUQTER!!1.0SS!EXP(SORT(IS.S-O.SGSIQLOG
1&PUQ;E§::;!2*O. 17))

SHAFT SEGMENT
3435 !F(ISHﬂFS EQ.1) GO TO 241 °

At ‘3¢SE.SI) 4, GllF)lPUﬂTER!!O E68SEXP(SQRT((2.-0.185%ALOG (PUATER) 2
02445 IF(;L LT TLNIN) TLeTLNIN

INPUT ° LINING THICKNESS GREATER THAN COMPUTED UALUE WILL BE USED
IFCTL.LT,TLIN) TLTLIN
IFCTUIN.GE. TLAIN .AND. TLIN.LT.TL) MSTAKEs3
IFCICUTNC.EQ.@) GO TO 2500
: WEB=0
; GO TO 2545
: 2600 B1-BFe.xTL
¢ STEEL RiB SI1zE
; IF(ITYPE.EQ.2) GO TO 2536
\ IF (ISHAPE-2) asxo 2s2e,2630
c__ _ TUNMEL
' 2510 Ubd

g! '0.0éiglliito.39!P$01Lt!0.33
a520 US '..066:.1!!0.76!(PSOIL/1.00.JII(O .6281x%(-0.3))
2630 Us.'. gg?:)lll' +7T8X(PSOIL/10060. )x%(9.5668D1x%(-9.29))

(Continued)
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COSTUN Listing (Continued)

|
;
|
¢

] 034876 68
{ K 9
9. )XX(0.305-0.0027¥D1) 034020 6020
. ©34030 2000
B 034040 €300
034050 0000
] 034060 0200
ac 034070 0000
1083 psorL 834606 6006
[ 1 » )a 0 k ®
ACI.84)PUATER 034100 9000
AL C')-PTOTAL 0: 4110 0000
6o fo _2eee 034120 0000
2550 3(1,29)°BE 934130 0000
(1,41)0EB 034140 0000
R 034150 0000
3(I1,30)°PSOIL 034160 0000
i1 .43)-PUATER 834170 00
B(I,31)sPT 034180 0000
¢ cHEdK IF TRl THICKNESS ACCEPTED WHEN UATER PRESSURE=@ 934190 0090
2600 IF(12.EQ.1) GO TO 4 234200 00
¢ CHECK IF ASSUMED 'ns' IS UITHIN ONE PERCENT OF COMPUTED ‘BE’ 034218 0000
r(::xnsse 17.0.99 .OR. nzztnez.cr 1.04) GO TO 1009 934220 0000
xr ITYPE.EQ.2) GO TO 2606 934230 0000
IF (NSTAKE.EQG.1) WRITE(LO,1010) NTSEG,NREACH 934249
IF (MSTAKE.EG.3) WRITE(LO,2710) NTSEG,NREACH 034250 0000
GO TO 4000 034260 0000
2606 IF(MSTAKE.EQ.1) WRITE(LO,1011) NSSEG,NSHAFT 934270 0000
IF (NSTAKE.EG.3) WRITE(LO,2711) NSSEG,NSHAFT 934280 0000
GO TO 4099 934290 0000
¢ 034300 0000
¢ 234310 0000
¢ 034326 0000
¢ 034330 0000
[ EXAXXAXTXLXXXRXEXRXEZEERXIRTLERETARAAXXTXXARXTILXAXXXLEEXXEEXXXXRREXE 034340 0000
¢ CUT AND COVER ONLY 034350 0000
g P2 238338ttt iddsaiiiassdadiioddadias sttt osestsostbntastosiodsss] g :g-s'g gggg
¢ -—- —-e- 934380 0000
¢ DATA 034390 0000
: ¢ - crememcccecscccccecacaeo e - 034400 0000
| 2500 IF(ITYPE.EG.2) GO TO 3309 034410 0090
ELROCK=A(I,27) 034420 0000
ELIMP=A(1,84) 34430 0000
Di®=A(I, 1) 034440 0000
PERNenct . 25) 034450 €000
0CKELSURF-EL 034460 0000
NBOX*TRDATA(NREACH, 10) 034470 0000
[ BFBUDTTRDATA(NREASH, 11) 034480 0090
BFBHT«TRDATA(NREACH, {2) 034490 0000 ]
r Iloxa-TlnaTntnntacu.ta) 034500 0000
} IDECK=A(T,29) 034510 0000
. sgnnct-n(! 28) 034520 008
' N IROKE B0, 11 08 TO 3008 °’:§4o 200¢
oxugv;,r DT/NB 834658 ‘33.
T0 3004 034876 000 ?
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COSTUN Listing (Cont inued)

3000 Te T/8. 934580 0000
°“"¥..$;ﬂ“° : 234596 0000
I 034650 0060
2400. K
e % 9.0 934620 0002
TINUT$.0 234632 0000
TINSD=0.0 234640 0000
TINUL0.® 23465¢ 0000
TEXUL=0.0 234660 0000
YTROOF=9.0 034670 9000
UTINSD=0.0 2346890 0000
) 34690 0002
¢ - - - 034700 0000
3082 DTRNCHeDTUN+BFBNT/2+TINUT+TINSB /2. 034710 0000
DSOILDTRNCH 034720 0000
IF(DROCK.LT.DTRNCH) DSOILeDROCK 034730 0000
TOTBOX=BFBHT+TINUT+TROOF+TINSB 034740 0000
DROOF « DTRNCH-TOTBOX 034750 Q000
JATPRI=Q 034760 2000
UATPRR=0Q 934770 Q00
IF (DUATER.GE.DTRNCH) co T0 3095 034780 0000
JATPRI=62.43 (DTRNCH-DUATER) 034790 2000
¢ IF (DUATER.LT.DROCF ) UnTPRR-UATPRI-Ge 4XTOTBOX 3113?3 gg:g
c TRENCH PRESSURE FOR SUPPORTS 034820 Q000
c - 034830 0000
30056 SIGMAT<GAMMASDSOIL 034842 0000
SIGMAL *GAMMASDSOIL 234850 0000
IUATER=A(I,23) 034860 0000
STABNO=A(I, 30) 034872 Q08e
1F (DUATER.{T.DSOIL. nND IUATER.EG.®) SIGMA1-GAMMAXDUATER+ (GAMMA~ Q34880 0000 1
162.4)8(DSOIL-DUATER 034850 Q000 A
IF(STABNO.LT.8.01) sranuo-(sxcnar+suncs>/<couesn+(sxcna1+suacs)/a. 034900 0000 3
151~ SIN(P HISP 1/100 ))XTAN(PHIZPI/480. 034910 0000
IF(ISUPPT.£Q.5.0R.MEX, EO 7) GO TO 3010 034920 0000
c SLURRY UWALL RE CH SUPP 034930 0000
TRENPR=0.32SIGH 034940 0000
IFCIWATER.ED. L. AND D10.GT.0.005) GO TO 3e25 034950 o020
IF(DUQTER.LT.DSO!L) TRENPRe 8,3 X(GAMMAXDUATERXZXZ.+(GAMMA-E2.4)X 034960 0000
1(DSOIL-bUATER)xla +a XGAMMAXDUATERE (DSOIL-DUATER )+2.%62.4%X(DSOIL- 034970 @000
EDUATER)l!a.)/Ds 034980 0000
0 T0 3025 234990 0000
c OLDIER PILE / LAGGING TRENCH SUPPORT 935000 0000
3010 TEHPI-O.G!OAHHA!DSOILx(ThN(PI/iBO x(4s.-an/a DRD} ¢ - 035010 0000
TEMP2=2, 4xCOHESNxTaN<PI/1BO %(45.-PHI/2.) 935020 0008
IF(STABNO.LE.4) GO TO 3015 035030 0000
TH-I 1-9.4x ST BNO 035040 2000
IFCTM.LT.0 TM=9.4 0365050 9000
TRE#;R-TENP“(PHIM .83)/7(PH1+0.62)~-TEMPEE(PHI+0.83)/(PHI+Q.62)xTH :332:9': ::3:
3015 TRENPReTEMPLX(PHI+0.14)/(PH]I+0.35)-TENPRSPHI - (PHI+0.2) 935080 0000
3020 IF(TRENPR,1LT.0.0) TRENPR<0.¢ 035090 0000
g EARTH PRESSURE FOR BOX MEMBERS 332%23 ::::
3028 ERTHPR=0.SXGANMASDTUN 035120 0900
¢ 936130 0090
¢ THICKNESS OF 20X MEMBERS 836140 0000
c 035150 0000
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COSTUN Listing (Continued)

ULTCOM8.0210.xx3. 935160 0000
QLLCOHto ASZULTCOM 03517¢ 0000
AXIALU~ .0 035180 0002
AXIALS=0.0 035100 ¢
PiOIL-ERTnPRosuRGE a3520@
Je® e3s5e1eQ
[~ SOIL AND WATER LOADS ON BOX MEMBERS 035220
¢ INPUT THICKNESS WILL NOT BE USED 35230
¢ IF(TLIN. GT 3.0) UR!TE(LO 3500 NTSEG NREACH ggggeg ¢ '
c AXIAL Lonn AND UNIFORH LOADS 035260 08000
3030 JeJ+) 035270 2000
o co To (3040 3050, 3960,3070,3080),J gggsgg .Az
3040 PTOTaL-GannatDROOF/i 1+WJTROOF +SURGE 035300 o00Q
GO0 TO 3052 035310 200
3050 TROOF-THXCK/ia. 235320 0000
WTROOF =150.XTROOF @35330 aeeo
c INVERT SLAB 935340 Q000
PUATER=UATPRI-UATPRR 035350 Q000
PTOTAL+PTOTAL+PUATER 035360 0000
3052 IF(UATPRI.EQ.8.9) GO TO 3@SS 935370 0000
IF(WATPRR.GT.0.0) AXIALL=Q.25XBOXNTX(WATPRI+UATPRR) 835380 0000
IF(UJATPRR.EQ.Q.0) AXIALLI*QA.25XBOXNTXURTPRIX(DTRNCH-DUATER)/TOTBOX 235390 2000
3055 IF(DROCK.GE.DTRNCH) GO TO 3057 035400 Q000
IF(DROCK.LE.DROOF) GO TO 3058 935410 000e
PSOILPSOILX(DROCK- DROOF)/TOTBOX 035420 0000
3957 AXIALS*@.5%XPSOILSBOXH 035430 0000
3058 ﬁX!AL-AXXaLU»ﬁXIALS 035440 0000
SPANL=BOXWDT 035450 0000
GO TO 3100 035460 0000
3060 TINUTSTHICK/12. 93547¢ 0000
c INTERIOR SLAB 235480 0000
Irtxnoxa £Q0.1) GO TO 3062 235490 0000
THICK=0.9 835500 00Qe
GO TO 2030 035510 @000
3962 PTOTAL=420.+UTINSB 835520 9800
IF(UATPRI.EQ.0.0) GO TO J08S 035530 @000
AXIALUe2.0XAXIALY 035540 0000
3065 IF(DROCK.LE.DROOF) GO TO 3067 235550 @000
AXIALS*2,0%AX]ALS 835560 0000
3067 AXIAL=AXIALS+AXIALY 23557¢ 0900
SPANL=BOXWDT 035580 @000
GO TO 3100 035592 @900
3970 TINSB=THICK/12. 035600 0000
WTINSB=150.XTINSB 035610 @000
oKe{ Q35620 0e080
IF(K.EG.1) GO TO 3002 035630 Qeee
c INTERIOR WALL 235640 0009
2g$t:£ggnﬂntDRO0F/1 « 1+SURGE+UTROOF +WTINSB+400. ) XBOXUWDT 8%2228 @
IF(Nlox GT 1) GO TO 3105 035670 0000
3055 300 935650 0006
3980 TINUL-THchlle. 035700 o000
c EXTERIOR WALL 935710 2000
AxlateaxIal- 2. 235720 9090
SPANL*BOXKT 23573¢ 90000
(Continued)
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COSTUN Listing (Continned)
IF (DUATER.GE . DTRNCH.AND, ISUPPT,.EG .6.)00 TO 3105 235740 20230
IF(ISUPPT.EG.6.0R.DROCK.LE.DRCOF) PSOIL=0.0 ¢36750 0020
PUATER=0.0 035760 2060
IF (VATPRI.EG.9.9) GO TO 3686 235770 0000
IF(UQ P I GT.0.0) PUATER« (UATPRI+UATPRR) /2. 235780 0000
‘ IF(UATPRR.EQ.9.0) PUATER=0.53UATPRIZ(DTRNCH-DUATER)/TOTIOX 03570¢ 0020
385 PTOT“L-PSOILQPUATER 035800 0200
c -- cevmemacacaaa ---- 035810 0000
c THICKNESS COMPUTATION 035820 0000
3100 MOMENT<0.13PTOTALESPANLESR. 235830 o000
THICK=AXIAL/(24.8ALLCOM)I+SQRT((AXIAL/ (12.XALLCOM))XX2.+24.XMOMENT/ 235840 20
1ALLCOM) /2. 0935850 000¢
GO TO 3110 035860 200¢
3106 THICK-QXIRLIIBBOO. 235870
c COSTUN MINIMUY 235880 000¢
3110 IF(THICK.LT 8 0) THICK=8.0 235890 Qeee
¢ ACI REQUIRE 035900 0000
IF(THICK. LT SPRNLXlE 785.) THICK=12.%SPANL/2S. 035910 0d0@
IF(J.LT.S) GO_TO 3038 235820 ¢eee
TEXUL'THICKIIB. 035930 0000
¢ ——=- B g 035940 0000
c FINAL OVERALL DOX DIHENSIONS 035950 0000
TOTBOX*BFBHT+TROOF+TINUT+TINSB 035860 29000
WDTBOX=BFBUDT+2. XTEXUL+(NBOX=1 )XTINUL 235970 0000
BE=UDTBOX 035980 0000
c FINAL TRENCH DEPTH 035990 0000
DTRNCH-DTUN#BFDHT’& +TINUT+TINSB 2. 036000 deee
DSOIL=DTRNC 036010 9000
IF (DROCK. LT DTRNCH) DSOIL=DROCK 036020 0000
DROQF «DTRNCH~TOTBOX 036030 0000
CONSTR=6.0 236040 0000
IF (DROCK.GT.DROOF .AND.ISUPPT .NE.6) BE=BE+CONSTR 036050 9000
¢ INITIALIZE 036060 @000
UTUALE=Q, 036070 2000
WTSTRT=0. 036080 000
UTANCH=0. 036090 0000
WTSP=0. 036100 0000
WTSPD=0. 036110 o000
SPDLT=0. 036120 @000
DSP»0, 036130 2000
DSPD'O. 036140 2000
SIDESL=0. 036150 0000
L DSLURY=02.0 036160 2009
* F(MEX.EQ.7) GO TO 3140 236170 0000
[ F(DROCK.LT.0.1) GO TO 3199 236180 Qeee
4 F(ISUPPT.EG.5) GO TO 3120 236190 000
¢ - -= - -—- --- 036200 2000
; ¢ SLURRY UALL SUPPQRT SYSTEM 036210 00ed
¢ -- - 036220 000
¢ COMPUTE LENGTH OF SLURRY WALL 036230 0000
¢ $ ROCK LINE ABOVE TRENCH BOTTOH 036240 0000
F(DROCK.LT.DTRNCH) GO TO 3 036250 0000
- c § ROCK LINE SHGLLOUER THAN 8 FT BELOW TRENCH 036262 2000
F(DROCK.LT . DTRNCH+8.) GO TO 3116 936270 0000
¢ $ GROUNDWATER TABLE BELOW TRENCH BOTTOM 03628¢ 0090
F(DUQTER GT.DTRNCH) GO TO 3115 036290 0200
F(IUATER.EG.]1 .AND. D310.GT.9.005) GO TO 3115 036300 0200
F(D1@. OT.0.00S) GO TO 3112 036310 0000
(Continued)
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COSTUN Listing (Continued)

c WEIGHTED CREEP RATIO DETERMINES SLURRY JALL PENETRATION 036320 9980
gs::gn;t:;..d .5SECOHESN ) /COMESN ggggag gggg
3113 CREPANSA. -1 824L0GIO(SART(10. TABS(PERM))) 036350 0000
3113 DSLURVeDTRNCH+1@. 036360 9900
CREER- (2. xDSLunv ~DUATER=DTRNCH 3/ (DTRNCH-DUATER) €36370 eece
IF (CREEP.GT.CREPMN) GO TO 31 836380 0020
DSLuav-(cnspnux(braﬂcn—nunrzn)onunfsnoarnncn)/a 936390 0000
DTINPSELSURF-ELINP 836400 03¢0
1F (DTIMP.GE.DSLURY.OR.D10.LE.9.085) GO TO 3114 836410 0000
¢ SLURRY UALL PENETRATES IMPERUIOUS LAVER 236420 0000
H1=DTINP-DUATER 036430 0000
IF(H1.LT.0.) H1=0. 036440 0000
N?.-DT!HP DTRNCH 936450 0000
HEDNsH2 836462 0000
H2UPsDTRNCH-DTIMP 236472 9200
IF(DTINP.GE.DTRNCH) H2uPed. 936482 0000
1F(DTIMP,LT.DTRNCH) H2DNed. 336492 2220
ARe4, 936500 0002
BBe4.XABS(H2)+4XH2 236510 0000
CCeNiZB2. +H2RX2, +2. XH1XABS (H2)+2. XH2UPX (H2-H1 ) +CREPMNX (H2-H1 )% 836520 8200
1 (H2DN+H1) 936530 0000
PENIMPs(-BB+SORT (BBXX2.~4.XRAXCC ))/2. /AR 036540 0000
IF(DTIMP.GE.DTRNCH) DSLURY=DTIMP+PENINP 936550 0000
IF(DTIMP.LT.DTRNCH) DSLURY=DTRNCH+PENIMP 036560 0000
¢ MINIMUM ENBEDMENT FOR ALL SLURRY WALLS IN SOIL 936570 0002
IF (DSLURY .LT.DTRNCH+18.) DSLURY=DTRNCH¢10. 936580 0000
3114 IF(DSLURY.GT.DROCK+2. ) DSLURY~DROCK+2. 936590 000@
GO To 3120 036600 2000
¢ MININUM EMBEDMENT FOR ALL SLURRY WALLS IN SOIL 036610 0000
3115 DSLURY=DTRNCH+10. 936620 0000
G0 TO 3120 036630 ooee
¢ MINIMUM EMBEDMENT FOR ALL SLURRY WALLS IN ROCK 036648 0200
3116 DSLURY=DROCK+2. 936650 0000
GO To 3120 236660 2020
¢ 15 ROCK LINE AT LEAST 2 FT_ABOUE ROOF OF BOX 836670 0000
3117 IF(DROCK+2. .LT.DROOF) GO TO 3118 836682 0000
DSLURY *DTRNCH+2, 836690 0000
GO Y0 3i2e e3e7ee oo
3118 DSLURY=DROCK+2. 836710 0000 ]
¢ e e e O L S L R LR PR R P TSP R e 93672 0000
¢ SOLDIER PILE/LAGGING SUPPORT SYSTEM 236736 0000
L e e 036740 0000
3120 TRENPReTRENPR+SURGE 236750 0000 i
¢ ANCHORS AND/OR_STRUTS 036760 0000
WTSTRT=0.8225XTRENPR+@ . BXBE 236770 9000
ANCHDI =0, D4XSGRT(TRENPR/1060. ) 036780 0000
IF (ANCNDI.LT.0.5) ANCHDI=@ 03679¢ 0eee
UTANGH=P L3 CANGHDI /2, JARE . 40 283K12 036800 0000
IF(IBRACE.EQ. 1) WTANCHe=@. 036810 0004 ‘
1F (IBRACE.EG.2) UTSTRTs=0. e3682¢ 009 4
IF(ISUPPT.EQ.6) GO TO 319e 36830
¢ WALES 036840 ©
WTUALE =SQRT (5, 6XTRENPR) 036850 0009
IF(UTUALE.LT.13.) UTWALE=13, 836860 ©
DUALE=SQRT(E. FUTUALE)~E.0 036870 0008
¢ SOLDIER PILES €36880 90ee
¢ NON DECKED SOLDIER PILES 036890 0000
]

o e
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COSTHN Listing (Continaed)

WISP_«SQRT(TRENPR) 036300 9000
F(UTSP.LT.13.) WTSPe13. 236910 0000
$P=SORT (§.XUTSP)-6.0 236320 0000
F(IDECK.EQ.8) GO TO 3125 236930 9000

CKED SOLDIER PILES 636549 000
SPAXAL+15. XBE 2. K400 236950 000

$PD-SGRT (TRENFR 1+0.222X5PAXAL /1000 2(1.0-0.25% (TRENPR/1000. ) e363¢e 00aq
112

IF(UTSPD.LT.13.) UTEPD=13. 236980 00

DSPDeEORT (6. XUTSPD)=6.9 236990 0000

IS ROCK LINE ABOUE TRENCH BOTTOM 237000 00
IF (DROCK.LE.DTRNCH) GO T 3124 237010 0000

DPILEW«1./6.3SRT(1.SKUTSPD) 237020 0008
IF(PHI.GT.0.) GO_TO 3122 23730 0000

Ty EnGrs (S B sPASaL/ (0. 5XPIADPILEN -6, 7RCONESNEDPILEN/2. )/ 637640 3600

1(2. SCONESN+DPILEH/2 . SGAMAA ) 037050 2000

G0 70 3123 237260 2009

3122 CNQeEXP (PTXTAN(PHIZPI/180. ) )K(TAN(PI/4.+PHIXP1/360. ) 882 037270 0000

GNC= (CNG-1. )/TAN(PHIZPI/180.) 237080 0002
IF(PHI.GT.0.) CNGAMe@. 237090 0000
IF(PHI.GT.10.) CNGAM»d.3%(PHI-1Q.) 037100 0000
IF(PHI.GT.20.) CNGAMs(PHIxx2-335.)/22.3 237110 0200
IF(PHI.GT.35.) CNGAMs8.X(PHI-35. )+48. 937120 00090
IF (PHI.GT.40. ) CNGAM.32.X(PHI-40.)480. 237130 2000

AACGANMASTAN(PHISPI /180 237140 0000

BBe5 . RCOME SN+DPILER 2.+ B3AMMAXC 237150 9000
61 JCOHESNIDPILEN. 2 KCNCse. EgGAnNAz 0. SXDPILEH)XX23CNGAN 237160 3000

. S 1SPAXALY (0, SEPTXDPILEN) 70 2000
LSPDUTDTRNCH{ <DB+SRT (BBXX3-4 . KARICC) Y. (2. KAR) 0371
3123 IF(SPDLT.LT.DIRNCH<10. ) SPDLTSDTRNCH+10. 237190 0000
IF (SPDLT.GT.DROCK+2.) SPDLT<DROCK+2. 237200 2009
GO TO 3125 237210 0000
(3124 SPDLT-DTRNCH+2. 837220 a00a
¢ FOR ROCK DESIGN, CHECK IF EXTERIOR BOX WALL IS SMALLER THAN DEPTW 037240 80a¢
¢ f SOLDIER PILE ENBEDDED IN WAL 237250 0000
3125 IF(DROCK GT.DROOF) GO TO 3130 237260 0009
IF (DROCK+19. .GT . DROOF ,AND. TEXUL . LT.DSP/12.) TEXULSDSP/12. 237270 2000
IF(TEXUL.LT.DSPD/12.) TEXWLDSPD/12. 37280 0000
I T T e e LR 937290 000
¢ IN_ROCK, EXCAVATED TRENCH WIDTH EQUALS BOX WIDTH 37300 0009

UDT'OX-ﬁFBUDToEXTEXUL¢(NDOX-I)xTINUL 037310 0000
BE=U 237320 0000
3676 3550 237330 0000

B Tty T T 937340 2000
¢ COMPUTE FINAL EXCAVATED TRENCH WIDTH FOR BOX IN SOIL 937350 2000
3130 IF(IDECK.EG.)BE=BE+(2.XDVALE+2.2DSP) (2. 837360 000Q

IF(IDECK Q. 1)" BE<BE+(2.3DUALE+2. 3DSPD)/12. 937370 0908

GO To 3198 937380 0000
¢ v T R R SRR R 937350 9008
¢ SIDE SLOPE FOR OPEN CUTS IN SOIL 7400 9900
¢ AL SLOPING CUTS EXCEPT CLAYS (D19.LE.0.095) UILL BE DEUATERED 037436 0060
31490 IF(COHESN.GT.0.8) GO_TO 83743¢
¢ MATERIALS CHARACTERIZED Do BHI ONLY 937446

SIDESLe1.25/TAN(PHIZPI/180. ) 037450 000¢
80_T0 3190 937460 €009

¢ RATERIALS CHARACTERIZED Bv COMESION ONLY OR BY PHI AND COWESION 837476 0660
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COSTUN Histinge (Contimicd)

AMRAZ
316 S!OOAH;g .LT 330!% AND.D10.LE.Q.005) SIGGAH=GAMMASDUATER+ (GANI A~

ISI .4)8(DSO1L-DUA
‘¥gnsr-ﬂTgN(TAN(PHXtPI/llO.)/1 .25)

TEN 1'(1..-COS(ATGN(1 /SIDESL)-PHIDEV) )/ (4.XSIN(ATAN(1./SIDESL )
1XCOS(PHIDEY

TENP a'CONESN/(i 25%S1GGAN)

IF(TEMPL.LE. TEWPZ) GO TO 319

g ?#?:EIﬂggLE Is BETUEEN PHIDEU AND €8 DEGREES
£§(P215°7 0.0) Hhx-i/ThN(PHIDEU)

¢ ITERATION REQUIRED TO DETERMINE DESIGN SLOPE

3160 SIDESLe(MINeNAX)/2,
ggPé (éEO~COS(RTﬂN(1 +/SIDESL)-PHIDEV) )7 (4. XSIN(ATAN(1./SIDESL )X
1COS(PH]
IF (TEMPL . GT TEMP2) GO TO 3179
MINSIDES
IF (MAX- HIN LE.?.01) GO TO 3180
GO TO 3160

3170 MAX=SIDESL

IF(HQX-HIN LE. 9 21) GO TO 3180

316
3180 SIDESL-(HIN#MAX)/E.
SUHHQRV CUT ﬁND COVER

VOLUME DISPLACED BY BOX
UBOX-TOTBOX!UDTBOX/27.

OO0

=1 )XTINUL) ) 27,

0
UL'(UDTBOX!(TROOF#TINUT#TINSI)¢BF

------ —~— -

FORMUORK FOR CAST IN PLACE CONCRETE
FORMAR=Q.

IF(LINING.NE.1) GO TO 3200
FORMAR«BFBHTX (2+ (NBOX-1 )22 )+BFBUDT
IF(ISUPPT.EQ.5.AND.DROCK.GT.DROOF ) FORMAR=FORMAR+2.%TOTBOX
IF(IBOXE EQ.1) FORMAReFORMAR+BFBUDT

STORE TRANSFERED VALUES IN ‘A’ ARRAY
3200 ACT 30)-STABNO
F(§SUPPT.EG.5) A(I,38)+SPDLT
IFi1e0eRT ES:2) A(1,38)+DSLURY
3908k

+42)B0B
+43)T0TBOX
+B2)*DTRNCH
»83)*SIDESL
»54)°UB0OX

»56)=UL
.BG)OPORHQR
+63)°UTUALE
»84)eUTSTRT

[e1e]

[eleT2]

-
04

1?!}]}1’131>1D])]D!l1b"
P N Y atals Tl
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COSTUN Listing (Continued)

e
[
873-UTSPD

A(l,
Al
ao 4o

e - - --

CUT AND COVER SHAFTS

ICUTNCet
1§UPPT-4
REDUCE UNIT UEIGHY OF SOIL DUE TO BULKING DURING BACKFILLING
GhﬂHA-GA
GO T 00
CONT INUE
IF(NSSTYP.EQ.3.0R.NTSTYP .EQ.3) RETURN
g? gK IF FACE INFLOW INPUT WHEN GROUND WATER TABLE BELOW SEGMENT
ELﬁUG-(ELNFL*ELNPR)/a.
BE»A(I,39)
ELBOTMAELAVG-BE 2,
IF (ISHAPE. EO J) ELBOTH'ELQUG -BE/4,
1F (1TYPE.EG.1.AND.GI.GT.@.8.AND.ELBOTM.GE.ELUATR) WRITE(L0,3600)
INTSEG,NREACH

- - - e - - > - - - - - - -

g?ECK IF SHAFT SEGMENT IS WET WHEN WATER TABLE IS5 BELOW SEGMENT
IF(!TYﬁE EO 2.AND.GI.GT.0.23.AND.ELNPB.GT.ELUATR) URITE(LO,3605)
IQESEG o, NSHA

PU“TER'GE.Qx(ELUATR-ELhUG)
I{(PUQTER «LE.2.001 PUATER=.001
BF=BF+2xTL+.333

B BE

ACI,44)=BOBER
A(I,64)=PUATER
ﬁ( 211)eTL

FORMAT(/,  XXxX URRNING --~THICKNESS INPUTED FOR SEGMENT’,

FORHhT(/,‘ 38XX WARNING %13%x --~THICKNESS INPUTED FOR SEGMENT:
14 IN SHAFT’, 14, IS LESS THAN IN STANDARD DESIGN. INPUT I8N

OR
1FORHM‘(/ ‘ REXX UﬁRN!NG £XXX --~THICKNESS INPUTED F SEGMENT Jo14

IN REACH’,14,’ APPEARS TO BE INADEGQUATE FOR UATE

(Continued)
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COSTUN Listing (Continued)

1,7 IN SHAFT’, 14, APPEARS TO nz INADEQUATE FOR WATER PRESSURE . 038480 2004
Y, CONPUTED THICK. FOR WATER PRESSURE USEL ) 938480 eeoe
300, F6nluf(/xx.'xt:x RENINDER & LINING tuxc<ness WAS INPUT FOR 238500
A CUT AND’COVER 30X IN SEGHENT',!4.‘ IN'REACH”,T4,7. " INPUT 16MOR 838510 2649
3¢oo'§8nna1</  Jast uaanxnc 1333 @ GROUND UATER INFLCU uas SPECIFIE 83§53
1D IN SE "IN REARC ' UHEN UATER TABLE 15 BELOJ JASE O 938540
2F runntn.'/' inrtou NORED in tost conpurar ONS 038650
o5 FORRATC/ - xxss uannxno BT GROUND SPERIFIED IN SEGMENT’, 038560
116,° IN $HA * WHEN CATER TA.L: 16 BELOU SEGMENT. /' WET GrROU 938570
&ND’ 1GNORED xu éos+ COMPUTATIONS. 038580
[0} lt!l!!!!!tllt!ll3ll!llll!!i!til!llllll!!tllll!tl!llltltll!!lli!!l! gggggg 0006
¢
¢ 938610 0000
RETURN 938615
EN 238620 0000
SUBROUTINE STABIL(I,A ,B,CNP, SHAFT, TRDATA, NTSMAX, NSSMAX, NPMAX, NSMAX 838630 0000
1, NTRMA 938635
¢ feeeeee ~eemmccccccnecacen - - -- SRR 038640 0000
€  eeccsctecccccc—co—esascosccmcccccmcccoomcecccomeccmscessasmcasea=- 038650 0000
¢ THIS SUBROUTINE SELECTS THE STABILITY NUMBER,STABILIZATION METWOD, 838660 0000
¢ AND EXCAUATION METHOD ~ TO BE USED IN SOFT GROUND TUNNEL AND SHAFf 038670 0000
¢ SEGMENTS 238680 0000
€  ceeeccemreccccacsseccscesmsccmscccccccccereassmmcscesescmosceaaaae 238650 0000
¢ - cemmmmecccececeeaeascmmacmomomceaan 038700 0000
CONMON /BASIC/ NSS,NTS 938710 0000
CONMON /A7 "LG, L1,PM 0N, LIST(40), TITLEC160), STABEG, 1TYPE 938720 0000
COMMON -F- IERROR, 170 838730 0000
DIMENSION A(NTSHAX, ss) 3(~ssnnx 43),CNPCNPMAX, 2), SHAFT(NSMAX,23), 038740 0000
1" TRDATACNTRMAX, 23) 938750 0000
€ emeeemeemeees - - cemesmeammececccesamscacaae 038760 0000
€  smmemmemccmemecccccccammsemcmemccccoooae --—- 838770 0000
¢ DO NOT COMPUTE A STABILITY NUMBER IF ONE WAS INPUT. ALSO, DO NOT 938780 0000
¢ CONPUTE ONE FOR PORTALS, DUMNY SHAFTS, AND CUT-AND-COVER’SEGMENTS. 838790 0000
IF(ITYPE.EG.1) GO TO 106 938800 0000
G e T, - - 038810 0000
¢ THIS 1S A SHAFT SEGNE 038820 0000
¢ CHECK ron Rock oR” cuT nnn COVER SEGMENTS AND FOR A PORTAL OR 038830 0000
¢ A DUPMY § 038840 0000
NSSTYPeBCT 1 038850 0000
IF (NSSTYP. éo 1) G0 To 500 038860 0000
zr(mssrvp.eo 3) RETURN 238870 0000
NSHAFT=B 038880 0000
NPORTe sunrf(nsnarr 23) 038890 @000
IF (NPORT,EQ.1) RETURN 038900 0000
ISHAPS*SHAF T (NSHAFT, 16) 038910 0000
IF(ISHAPS.LT.1) RETURN 038920 0000
3 3(i,29) 038930 €000
STABNOB(1,24) 038940 0000
IF(STABND.67.9.01) GO TO 1839 638950 0090
NSSEG *B(1,2) 038960 0000
EX  oB(I.7) 238970 0000
ELUATR=B(I,13) 038980 00€ A
10 «3(1.16) 038990 0000
COMESNeB(I.17) 39000 900¢
GAMMA «B(I,18) 039010 0000
PHI  «B(I.19) 935020 9000
LUATER=B(1,21) 035030 0000
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COSIUN Listing (Continucd)

ERM  -B(1,83) 939049 0000
NSTAD <3(1.85) 039050 0000
(] «3(1,26) 939060 2000
i N e 039070 0900
s g Pl 3‘ 939080 0002
NBTR =BNAFT (NgHAF T, 2) 039090 o6
t.sunr-cnmms 2) e391e0 o
g -ELS unr-sécnsp 239110 2000
Qo To 239120 0004
¢ ROCK SHAST 039130 0006
S a7 eatReR 039180 o004
YJeAIR
i 39168 st
B(1,25)<MSTA
RETORN 039180 0000
™I EL SEGNENT o TTTTTTTTTTTTTTTTYT 39580 oa0s
¢ THIS IS A TUNN GNEN
1000 nrsrvp-a 16) 039210 0000
IF éo 1) 6O TO 1002 039220 0000
IF(NTSTVP £Q.3) RETU 039230 0000
BE  =A(I,39) 039240 2000
STABNO=A(1,30) 039250 0000
1F (STABNO.8T.0.01) GO TO 1830 039260 0000
NTSEG sA(I,1) 039270 0000
NPL  «A(I.2) 039280 0000
NPR  *A(l.3) 039290 0000
NREACHeA(I.4) 039300 0000
NEX  sA(I.7) 039310 000¢
ELUATR=A(I.14) 239320 0000
NPLS =A(I.17) 039330 0000
NPRS -a(I.18) 039340 0000
D10 «A(I.19) 039350 0000
PHI  =A(T.20) 035360 0000
COMESNeA(f.21) 039370 0000
GAMMA =A(I.22) 039380 0000
1UATER=A(I,23) 039390 ceee i
ELIHP-A(I b4) 039400 0000 !
PERM ea(f,25) 239410 0009 :
NSTAB =ACI,31) 035420 0000 :
MUST =a(1533) 939430 0000 J
METAC *A(I,34) 239440 2000
xsnaps-rnoarn(nasecu,a) 239450 00eo
ELNPL =CNP(NPL,2) 039460 0000
ELNPR =CNP(NPR,2) 235470 0000
ELNPLS=CNP (NPLS, 2) 839480 0000
ELNPRS«CNP (NPRS 2 ) 239490 0000
aLsunr-(:anLs+€Lnaas)/a. 039580 90060
ELAUG = (ELNPL+ELNPR)/2. 039510 2000
SEGDEP-ELSURF -ELAVG 939628 9000
G0 TC 1903 939530 0000
nocx TUNNEL 839540 0000
1002 AIRPR«® 239550 0000
A(I,33)eAIRPR 039560 0008
NSTAR. ¢3957¢ 0009
ACI,31)aNSTAB 939580 0000
70 Ny 039550 0000
1003 AIRP 039600 0000
¢ conputt STABILITY NUMBER BASED ON INPUT PARAMETERS 039610 0000
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COSTUN Tistineg (Cont inued)

MSTADT+0 39520 2200
CALL srnnnu<c0u£sn ELAVG, ELSURF , ELUATR, GANMA, 1SHAPE , ISHAPS, 1TVPE o 9630 0009
1 PHI,SHR s ,SIGMAT, STABNR, BE, NstABT, Gafiman, GAMMAB, GAFMAC, F . FSHaPE, 239640 0000
8 seeber 23965¢ 0000
srn.~o-srnnn 039660
¢ CHECK WHETHER A pnsrennsn STABILIZATICN METHOL WAS INFUT, THE 03967¢ 0000
¢ PREFERENCE GOULD ne oUSE OF NO"METHOD AT ALL. 039680 0000
!F(HUST GE.3) GO 033690 2000
S e % .ETNOD s PREFERRED lv USER. CHECK IF SEGMENT CAN BE EXCAVATED. 039700-
b3
¢ THE PREFERRED METHOD IS DEWATERING 040110 0000
1010 MSTABe2 040120 000¢
MSTABTS2 240130 000¢
CALL STABNU(COMESN,ELAVG,ELSURF ,ELUATR, GAMMA, ISHAPE, ISHAPS, ITYPE 40140 Q
1 PHI sunsrn SIGMAT.STABNRM, BE, mstABT, GARMAR, GANNAB, GARMAC , F . FSHAFE, 040150 2000
s: 6 40160 0000
6o T 240170 0000
THE pne:snnsv METHOD 16 COMPRESSED AIR 040180 0000
xoxs CALL AIRPRS(AIRPR,D10,ELAUG, ELUATR, IERROR, ITYFE,PHI,SHRSTR, SIGNAT, 040190 0000
157nann STRBNQ, L0, NREAEH, NSHAFT ,NSSEG, NTSES ) 040200 2020
MSTABe1 240210 2000
1030 IFCITYPE.EG.1) A(I,30)=STABNM 040220 0000
IFCITYPE.EQ.1) A(I,31)eMSTAB 240230 0000
IFCITYPE.EG. 1) a<1,33)-arapn 040240 0000
IFCITYPE.EQ.2) B(I,24)eSTABNM 040250 0000
IFCITYPE.EQ.2) B(I.35)eMSTAB 240260 0020
IFCITYPE.EQ.2) B(I.27)eAIRPR 040270 0000
CHECK WHETHER THE SEGMENT CAN BE Excauersn AFTER STABILIZATION 040280 0000
1035 IE(STA)?:SLE .9. .AND.PWI.LT.29. .OR. STABNM.LE.?. .AND.PHI.GE.29.) °28338 gggg
SEGNENT ca~~or BE EXCAVATED EVEN AFTER USING A STABILIZATION METH. 040310 0000
1ERROR= 240320 0000
zr(vapg EQ.1) WRITE(LO,2008)NTSEG, NREACH 040330 0000 |
IFCITYPE.EG.2) WRITECLO, 3000 INSSEG, NSHAFT 040340 2000 '
RETURN 040350 0000 !
¢ SEGMENT CAN NOU BE EXCAVATED. STORE THE NEW STABILITY NUMBER 240360 0000 !
1052 STABNO=STABNM 040370 00600
GO TO 1800 040380 0000
C """"""""""""""""""""""""""""""""""""""""""""" 0‘0390 Il;:
¢ SEGMENT CAN BE EXCAUATED WITHOUT BENEFIT OF STABILIZATION 040400 0000
¢ IF USER WILL ALLOW A STABILIZATION METHOD AND STABILITY NUMBER IS 040410 000
¢ HIGH,CHECK WHETHER USE OF STABILIZATION WILL DECREASE STABILITY Q40420 @00«
¢ NUMBER BY AT LEAST 1.0 040430 0000
C """""""""""""""""""""""""""""""""""""""" 040‘40 CC l"
1200 xrcsrnnno LE.4.) GO TC 1300 040450 0000
IF(MUST.GT.1) GO TO 1300 04046 000¢
¢ USER WILL ALLOW sraathzarzou TO BE USED 040470 0
IF(D18.LE. .905) GO 70 1215 040480 9
AIRPRs 040490 0000
IF (ELAVG .GE.ELWATR .OR.IUATER.EQ.Q) GO TO 1205 40500 0000
F¢PERN L 0. .AND.ABS(PERM),GT.2. 00051 GO TO 1209 040510 Go0e
IF (PERM.GT.9. .AND. D19.GT.0.98) GO TO 1209 040520 0000
¢ e FIRGE CHOICE METHOD IS GROUND INJECTIONS 040530 0000
1205 MSTAB=3 040540 0000
COHSGI=20000. XSGRT (19, 2ABS (PERM) ) 040550 000¢
sran«n-sxcnarz(suasrnocouscr1 o4osso 2000
IF (STABNO-STABNM.GE.1,) GO TO 123§ 049570 2000

c DECREASE IN STABILITY NUHDER CGUSED BY USE OF GROUND INJECTIONS 1$§ 040580 2000
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COSTEN Listing (Coutinaed)

¢ SNALL. IF COMPRESSED AIR IS ACCEPTABLE,CHECK IF 1T GIVES GREATER 042580 0000
¢ DECREASE . 040600 0000
TECPERN.LT.0. .AND. ABS(PERM).GT.@.4) GO TO 1236 240610 2000
1F (PERN :GT.0. .AND.D18.0T.2.) GO TO 1836 040620 0000
F(ELAVG.GE.ELUATR) GO To_12e7 042630 000
xrtttunva-znnuo GT.118.) 60 70 1238 243640 00
¢ COMPRESSED AIR 1S AN ACCEPTABLE M 040650 000
1207 CALL AIRPRS(AIRER D1, ELAVG, BLEATE, TeRROR ITVYPE,PHI,SHRSTR,SIGMAT, 040660 80O
18TABNN STABNO, LO, AREACH, NSHAFT, NSSEG, NTSES ) 040670 2000
RSTA 040680 000
GO TO 1236 040690 200
1209 P (SPGDERLE.160.) GO TO 1210 042700 0000
¢ GROUND WOULD BE DEWATERED EXCEPT THAT SEGMENT IS DEEPER THAN IS 049710
¢ USUALLY DESIRED. TRY GROUND INJECTIONS FIRST. IF STABILITY NUMBER 042720
¢ DOES NOT CHANGE BY MUCH,TRY DEUATERING INSTEAD. 040730
COHSG1=20000. XSQRT (19, XABS (PERM) ) 042740 0000
STABNMeSIGMAT / ( SHRSTR+COHSG ) 040750 @
IF (STABNO-STABNM.GE.1.) GO TO 1235 042760
¢ THE PREFERRED METHOD 1S DEWATERING 040770 ¢
1210 MSTAB=2 040780 0000
NSTABTs=2 040790 0000
CALL STABNU(COHESN,ELAVG, ELSURF,ELUATR, GAMMA, ISHAPE, ISHAPS, ITYPE, 040800 0000
1 PHI,SHRSTR, SIGMAT, STABNM, BE, NSTABT, GARMAA, GAMMAB, GANMAC, F . FSHAPE, 040810 0000
3 sscﬁs 040820 @000
6o 901235 040830 0000
THE PREFERRED METHOD IS COMPRESSED AIR 042840 0000
aaxs TABs 049850 0000
CaLt nxnpnsznxnpn D10,ELAVG, ELUATR xsnnoa 1TVPE,PHI, SHRSTR, SIGHAT, 849850 0000
1 STABNM,STABNO, LO anacu NSHAFT  NSSEG,NTSEG ) 040870 0000
¢ CHECK FOR sTABELItY Nunnén nscnéass o# 2 LEAST 1.0 040880 ©000
1235 IF(STABNO-STABNM.GE .1 040890 0000
¢ ST ABILTTY MUMBER SECREASE IS LESS THAN 1.0 FORGET STABILIZATION 040900 0900
¢ METHOD AND EXCAUATE USING ORIGINAL GROUND CONDITIONS 040910 0000
MSTAB*0 040920 0000
ATRPR=0. 040530 0000
IFCITYPE.EG. 1) GO TO 1240 040940 0000
WRITE(LO 3010) NSSEG, NSHAF T 240950 0000
B(I,24)+6TA 040960 0000
B(1,25) -nsrna 240570 0000
B(1,37)=AIRPR 040980 0000
G0 f0 1800 240990 0000 i
1240 URITE(L0,2010) NTSEG,NREACH 041000 0000 '
AC],30)=5TABNO 041010 2000 .
ACT.31)«MSTAB 041020 0000
ACI,331sAIRPR 041030 0000
G0 %0 1800 241040 0000
\ ¢ STABILITY NUNBER DECREASED BY AT LEAST 1.0 USE STABILIZATION 041050 0000
¢ METHOD AND NEW STABILITY NUNBER 041060 0000
1246 IE(MSTAB.GT.1) ATRPR<Q. 041070 0000
IF(ITYPE.EQ.1) GO TO 1259 241080 0000
BT 2arcoTaban 241090 0000
B(1.85)eN5TAD 041100 0000
B(1,27)°AIRPR 041110 0000
STABNO=STABNM 041120 0002
GO TO 1800 041130 2000
e A S i o
» [ )
ACI,33)eAIRPR 041160 €000
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COSIUN Listing (Cont inucd)
sranuo-sfanun 041170 0200
G o 1800 041180 0200
1300 IF(ITYPE.EQ.1) AC(],30)5TABNO 041190 Q900
xr(%;vrtosa 2) BCI,24)e5TABNO 841200 0900
<
(o] ggl!‘lllt!ll!ll!llllltll!lllllttlllllll!ll!llt!lllll!l!l!tlllllll!l 041222 U]
¢ r FERRED srastéznggoz METNOD UAS INPUT.  THE REFERENCE COULD 841230 ddee
¢
¢ CAN THE SEGMENT BE EXCAVATED WITHOUT STABILIZATION 041250 900
1600 xr(srannoone 9. <AND.PHI.LT.25. .OR.STADNO.LE.7. .AND.PHI.GE.29.) 841260 @0
ve
- ———— -- ceemmeem e 241280 0000
CHECK IF USER UILL aLLOY SOME METHOD TO BE USED. 041290 0000
IF(MSTAD.GT.0) GO TO 1502 241300 0000
JERROR={ 041310 0000
IF(ITYPE.EQ.1) WRITE(LO,2050) NTSEG,NREACH 241320 0000
IFC(ITYPE.EG.2) WRITE(LO,3058) NSSEG,NSHAFT 241330 0000
GO T0 1530 041340 0000
€  cmmmeemmmmmeececoeeweee—ccmceseememeceesss—scesecsemccesesemeee=—- 241350 0000
¢ SEGMENT CANNOT BE EXCAUATED UITHOUT STABILIZATION. CHECK WHETHER 041360 8000
¢ USERS PREFERRED neruon 15 ACCEPTABLE 841370 0000
1562 IF(ITYPE.EG.2) G 1505 241380 0000
IF (MSTAC.EQ.1) co ro 1510 241350 000
¢ RETHOD 15 unaccspvnsLe 041400 0000
1€ 041410 0000
unxrezLo 3030) NSSEG,NSHAFT 041420 0000
RE TURN 041430 0000
1505 IF(NSTAC.EQ.1) GO TO 1510 041440 0000
c METHOD IS UNARCCEPTABLE 241450 0000
TERROR=1 041460 0000
unm:u.o 2030) NTSEG,NREACH 941470 0000
RETU 841480 0000
LRI e e T e e L 041490 0000
¢ STABILIZATION METHOD INPUT 1S ACCEPTABLE 041500 0000
¢ CHECK FOR PREFERRED METHOD 241510 0000
1510 [E(MSTAB.£G.1) GO ro 1520 041520 0000
1F(MSTAB.EQ.3) G 518 241530 0000
¢ nghpnzrsnnsn nsruon i DEUATERING e:iggg gggg
CALL STABNU(COHESN,ELAUG,ELSURF ,ELUATR, GAMMA, ISHAPE, ISHAPS, ITYPE, 041560 9000
1 PHI SHRSTR SIGMAT, STABNA, BE, MSTABT, GAfMAA, GANMAB, GAMMAC, F, FSHAPE, 041570 0000
3 SEeber 041580 2000
co T0 04159¢ 0000
¢ THE Peereanzn RETHOD 1S GROUND INJECTIONS 041600 0000
1518 COHSG1=20000.XSGRT(10.XABS (PERN 041610 0000
STABNN=SIGMAT/ (SHRSTR+COHSG]) 041620 0000
6o To 1828 041630 0000
¢ SNE PREFERRED METHOD 18 COMPRESSED AIR 04164¢ €000
1520 IFCITYPE.EQ. 1) AIRPR-A(], 33) 41650
IFC(ITYPE.EQ.2) AIRPR=B(1.2 041660
¢ Ie AIR PRESSURE Is INPUTS uss 1T AND COMPUTE STADILITY NUNBER.IF 041670
¢ NE 15 INP nrurs AIR PRESSURE 041680 00900
xrcaxnan. T.0%) teae 041650 0000
CALL ATRPRS i AIRPR D1 ELauc ELUATR, IERROR, 1TYPE,PHI, SHRSTR, SIGNAT, oaxvoo 2000
1gtalgn g;;nno , 10, RREAEH , NSHAF T, NSSEG, NTSES ) e4 x;é: 3338
KU sralun-zsxcnar-axnpn::44 1/SHRSTR 041730 0000
HECK WHETHER SEGMENT CAN BE EXCAVATED AFTER STABILIZATION 041740 0000
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COSTUN Listing (Continucd)

1685 IFC(STABNM.LE.9. .AND.PHI.LT.38. .OR.STABNM.LE.7. .AND.PHI.GE.29.) g:};g@ Q000

1760 530 0 0000
sg ENT CANNOT BE EXCAVATED EVEN AFTER USING A STABILIZATION METh. 3:};;3 8008
1
%r(xrvn:.eo.x) URITE(LO. 2035 )NTSEG, NREACH 041790 2000
IFCITVPE.EQ.2) WRITE(LO 3oas)~sssc NSHAFT 041800 0000
IFCITYPE.EQ.1) AT, 30):6TA 041810 €000
1F(ITYPE.€Q.1) a(x,aax-a:npn 041820 0009
IFC(ITYPE.EQ.2) BC(I.B4)eSTABNM 041830 0000
IFCITYPE.EQ.2) B(I.37)+AIRPR 041840 0000
Go To 1830 041850 00
¢ memecccommmmee—————————— -- L. 041860 00
¢ SEGNENT CAN NOU BE_ Excnuarzn 041879
1630 IF(ITYPE.EG.1) GO 041880
B(1,24)sSTABNA 041850
D(1;27)+AIRPR 041900
STABNOSTABNM 241910
GO TO 1800 041920
1536 A(1, 20328 Tannm 241930
A(I.33)=AIRPR 041940
STASNOSSTABNM 041950
. GO T0 1800 o:{ggg
g SEGMENT CAN BE EXCAVATED WITHOUT BENEFIT OF STABILIZATION NETHOD 8:1380
¢ CHECK IF NO METWOD IS TO BE USED 242000
1600 IF(MSTAB.EG.Q) GO TO 1640 042010
¢ CHECK WHETHER USER REOUIRES STABILIZATION METHOD TO BE USED 042020
IF (WUST.EQ.4) GO TO 1 042030
¢ STABILIZATION IS NOT nsouxn:n FORGET STABILIZATION AND EXCAUATE 042040
¢ USING THE ORIGINAL GROUND CONDITION 042050
IF(ITYPE.EQ.1) GO TO 1605 042060
WRITE(LO,3015) NSSEG, Nsnarr 242070
! NSTAB#0 042080
B(1,24)=STABNO 042090
B(I,25)=MSTAB 042100
6o %o 1800 0421190
1605 URITE(LO,2015) NTSEG,NREACH 042120
N§TABd 042130
A(T,30)=STABNO 242140
n(x 31 )sMSTAB 042150
0 t0 1800 042160
f  =mmmemmecmemecmco—meemcacecccmeSmcmmccesme—ce e sceme—cc—eeme= 042170
¢ USER REQUIRES USE OF A STABILIZATION METHOD. CHECK IF SPECIFIED 042180
¢ METHOD 15 ACCEPTABLE. IF METHOD IS UNACCEPTABLE,BASE COSTS ON 042190
¢ UNSTABILIZED GROUND 042200
1619 IF(ITYPE.EG.1) GO T¢ 1615 042210
IF(MSTAC.EG.1) GO TO 1620 042220
URITE(LO 3020) NSSEG,NSHAFT 042230
GO TO 18 042240
1615 IR(ROTAC £G.1) GO TO 1620 042250
WRITE(LO,2020) NTSEG, NREACH 242260
AL st
] ¢ STABILIZATION METHOD INPUT 18 ACCEPTABLE 242290
¢ CHECK FOR PREFERRED METHOD 242300
1620 IF(METAD.EG.1) GO TO 1630 042310 00
IF(MSTAD.EG.3) GO TO 1626 042320
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COSTUN Listing (Continucd)

c TH; :nt;:nnen METHOD IS DEWATERING g:gggs

cau. STABNU(COMESN, ELAUG, ELSURF .ELUATR, GAMNA, ISHAPE, ISHAPS, ITVPE, 042350

uasfn SIGHAT,STABNA, BE, MSFABT, CAfMan, GAMMAB, GAMMAC, F | FSwAPE, e:gggg

60 TO 1 sas 042380

¢ THE PREFERRED METHOD IS GROUND INJECTIONS 242390

1826 COHSGI=20000 . X5GRT (10.2ABS (P 042400

srangn-sxcnarz(snasrnocouscx) 8252%3

¢ THE PREFERRED METHOD 1S COMPRESSED AIR 042430

1630 IF(ITVPE.EQ.1) AIRPReA(I, N 042440
IF(ITYPE.EQ.2) axRPR-I(I 242450

¢ xr AIR PRESSURE IS INPUT uss IT AND COMPUTE STABILITY NUMBER.IF 242460

¢ NONE 18 INPUT,CORPUTE axﬁ SSURE 042470

IF (AIRPR.GT.9:) GO TO 16 042480

CALL AIRPRS(AIRPR,D10 ELauc.zLuaTn 1ERROR, ITYPE, PHI, SHRSTR, STGMAT, 042490

1STABNM, STABNO, LO, NREACH, NSHAFT, NSSEG, NTSES) 042500

G0 TO 1§ 042510

1632 STABNMs (SIGMAT-AIRPRX144.)/SHRSTR g4§g§g

............. 4

¢ CHECK FOR STABILITY nunnea nscaeass OF AT LEAST 1.0 042540

1635 IF(STABNO-STABNM.GE.1.) GO TO 1640 042550

¢ STABILITY NUMBER nxn NOT n:cnsnss BY AT LEAST 1.0 INFORM USER 042560

xr(xrvpe EQ.1) WRITE(LO,2085) NTSEG,NREAC 042570

IFCITYP .2) WRITE(LO,3025) NSSEG, NSH&FT 042580

1646 IFC(ITYPE.EQ.1) n(:.ae)-§ran . 042590

IF(ITYPE.EQ.{) a(t,aa)-axnpa 042600

IFCITYPE.EQ.2) B(I.24)=STABNM 042610

IFCITYPE.EG.2) B(I,27)*AIRPR 842620

4
EEXXXXAZXRRXELXXXXTLXXXXRATAXXXRIRNXXXTAXXXTLXRXXTIRAXAAAXIXXLAXAT B 42640

¢
¢ CHECK FOR ACCEPTABLE EXCAUATION METHOD FOR THE STABILITY NUMBER = 042650
¢ 0 BE USED,THE CHECK FOR COMPATIBILITY WITH SHAPE IS IN SUB INPUT 042660
1800 xr(zrvps £8.1)60 TO 1805 042670
IF(MEX.EQ.4) GO TO 1836 042680
IF(MEX.EQ.3 .AND.STABNO.LE.6.) GO TO 1830 042690
¢ ggrnon 16 UNACCEPTABLE,SELECT MAND nernons INSTEAD 3453?3
4
B(I,7)eM 042720
ungs(Losaoao) NSSEG, NSHAFT 045323 @
04
1806 zr<nex-4) 18201830, 1810 042750
RIPPER ExC ATEON 042760
1810 és( )NgsLE .7.) GO TO 1830 °‘§;§3
04
¢ HOLE EXCAUATION 042790
1820 IF(STABNO.LE.G.) GO TO 183¢ 042800
AOLE OR RIPPER ARE UNACCEPTABLE, SELECT HAND INSTEAD 042810
1826 mEX=4 042820
(1,7)eMEX 042830
. gnc E(LO.2040) NTSEG.MREACH cxess . 042333
133828333330 88+339] AXXEXLEXXXXXXRIXXAXNSLEEXSXRXILNREAER O4
¢ IF srnnxtxtv NUMBER IS LOW,SHIELD IS VERY THIN AND LEAVES LITTLE 042860
¢ SPACE FOR BACKFILL BEMIND fHE LINING OR SUPPORT 042870
1830 DOB=DE+i.0 042880
TP CBTABNG LT, 2. ) DOBe3E 042890
IF(ITYPE.EG.1) A(I,42)=D0B 042900
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IF;ITVPE .£G.2) B(I,32)308 042912

lEltl:ll!ll!ltl!!!l!lttllIl!t!!!tt!!llltlx!llll!!l!!!!klx!tlll!lll 242932
2... FORH.T(/ * FATAL ERROR, STABILITY NUMBER IN SEGMENT',15 042940
1ACH* 15.‘ I8 T00 HIGH $0 alLOU EXCAVATION,EVEN AFTER’ sTﬁl;LIZﬂTIO 042950

en’
F RHAT(/ © g%%% REMINDER xx3%x USE OF A STABILIZATION METHOD IN 042970
ge1d SgG MENT’,I5,° IN REACK’,15,° 15 NOT VERY EFFECTIVE, NO METHGD USE 042982

2e1s FORHQT(/ ' 35k REMINDER XZ&% USER PREFERRED STABILIZATION METH 043000
OD SE&MENT, 15, IN REACH’,IS, IS NOT REGUIRED, METHOD NOT US 043019

2020 FORHQT(/ © 2BXX WARNING XXXX USERS STAB. METWOD IN SEGMENT',1S 04303¢
N REACH’,15,” 1S NOT ACCEPTABLE NOR REGUIRED, METHOD NOT usé

D
a02s FORHAT(/ © x8¥%x REMINDER xxx3 USE OF STABILIZATIQON METHCD iN SEG 043460
IHEN LIS, IN REACH’,IS,’ IS NOT VERY EFFECTIVE, METHOD USED ANYW Q4307 20

2ay’) 4
2030 FORHAT(/ © FATAL ERROR, USERS STAB. METHWOD IN SEGMENT', 15, IN R 043000
2En 15,/ 16 NOT ACCEPTABLE AND STABILITY NUMBER IS 60 HIGH ) 43100
2035 FORHA+(/ © FATAL ERROR, USERS STAB. METHOD IN SEGMENT-,IS

INR 043i10

1EACH’, 15, 16 NOT EFFECTIVE AND STABILITY NUMBER IS T0d nicn 043120
2040 ronna+(/ - xx38 REMINDER xxXx3 CONDITIONS IN SEGMENT,IS,’ IN R 043130
* REQUIRE USE OF HAND EXCAUATION RATHER THAN INPUT HETHOD' 043142

aoso ronﬁar</ *"FATAL ERROR, STABILITY NUMBER IN SEGMENT’ REA 043150
15, - 'REQUIRES GROUND STABILIZATION, BUT IT WAS sﬁ frzsn NO M 043160

EETH6 BE uSED’ 043170
3000 FORRAT(/,* FATAL ERROR, STABILITY NUMBER IN SEGMENT’,15, * IN SH 043180
1AFT/,15, 15 TO0 HIGH fO ALLOW EXCAUATION,EVEN AFTER’ STABILIZATIO 043196

NI
3019 FORHRT(/ © xxxk REMINDER Xxxx USE OF A STABILIZATION METHOD IN 04321
SEG ENT/,15,’ IN SHAFT’,I5,- 1S NOT VERY EFFECTIVE, NO METHOD USE 043220

‘ X3x%x REMINDER xxxx USER PREFERRED STABILIZATION METH 043240 @
SEEMENT, 1S, IN SHAFT‘, 15,/ 15 NOT REQUIRED, METHOD NOT US 043250 2

0
3oao ronnarz/ £ JIEX URRNING SXEX USERS STAB. METHOD IN SEGMENT’,15, 043279
x SHAFT’,15,’ 16 NOT ACCEPTABLE NOR REGUIRED, METHOD NOT'USE

3028 FORMAT(/,' 1xxx REMINDER x3xx USE OF STABILIZATION METHOD IN SEG  043;
ISENI',IS,' IN SHAFT/,15,’ IS NOT VERY EFFECTIVE, METHOD USED ANYU 043310

2
3030 roanarc/ * FATAL ERROR, USERS STAB, METHOD IN SEGMENT-,IS, In s 043330
1HAFT’, 15, 16 NOT ACCEATABLE AND STABILITY NUMBER IS Tbo HI 043240
3035 FORMAT(/,- FATAL ERROR, USERS STAB, METHOD IN SEGMENT’ n s
1HRFT’ 15,7 IS NOT EFFECTIVE AND STABILITY NUMBER IS 706 Hi Wl 043360
3040 ronna+(/ - ¥xx% REMINDER X$XX CONDITIONS IN SEGMENT IS, IN § 043370
FT REQUIRE USE OF nann EXCAUATION RATHER THAN inpur nernon') 043380
3060 roaﬁn7</.' FATAL ERROR, STABILITY NUMBER IN SEGMENT’
1FT/ ’ nsouxnss GROUND STABILIZATION, BUT IT WAS 56 trxen no 043400
a:rubn e used 3:3:53

3015 FORHAT(/

OO0
L.
re
W
»
W
[

RETURN 043455
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COSTUN Listing (Continted)

END 243460 020¢
ROUTINE STABNU(COMESN,ELAVG, ELSURF ,ELUATR, GAMMA, ISHAPE, ISHAPS, 043470 022
1s¥3vou ing SHRSTR, SIGHAT] ‘6TabNM, BE. NSTABT, GARMAR, GAMMAB, BANMAC,F. 043480 0000
2 rsunné sté 04349¢ 0000
¢ ot b ————— sisEet
C  eecoaa ST R e ¢
¢ THIS SUBROUTINE COMPUTES THE INITIAL STABILITY NUMBER BASED ONLY 043520
¢ ON INPUT GROUND PARAMETERS AND ALSO COMPUTES IT :F STABILIZATION Q4353 000
¢ IS Bv DEWATERING 243549
¢ —————- - -- - cmcmscccanccanan 243550 000
¢ SIIIIIIIIITTTITTITTTTTITTTT P e memcccmeeccecmemeeeeee——————- 243560 0000
Ple3.14159 04357¢ 0000
SINPHIeSIN(PHIZPI/188.) 043580 @000
TANPHITAN(PHISPI/180.) i 043590 09000
¢ CHECK WHETHER THIS IS THE SECOND COMPUTATION FOR THIS SEGMENT.IF 043600 @000
¢ §0,CAN BYPASS MOST OF THIS SUBROUTINE. 043610 0000
IF(7§TABT.EQ.2) GO TO 1150 043620 0000
¢ COMPUTE STABILITY NUMBER FOR UNSTABILIZED GROUND 043630 2000
¢ CHECK FOR GWT ABOVE GROUND SURFACE 243640 0000
IF(ELWATR.GT.ELSURF) GO TO 1@50Q 043650 0000
¢ CHECK FOR SEGMENT BELOW GUT 043660 20¢0
IF (ELAVG.LT.ELUATR) GO TO 1010 243670 0000
¢ GUT IS BELOY SEGMENT 043680 0000
S1GGAN*SEGDEPKGANNA 243650 0000
1F (SEGDEP. LE. 2.3BE) GO TO 1000 043700 0000
GANMAA = GAMMN 043710 0000 )
GARMAD » GAMFIA 043720 0000 1
GO TO 1100 043730 0000 :
1000 cnnnnc GAMMA 043742 0000
Go 100 043750 0000
¢ zcnsnr IS BELOW GWT 243760 0000
1010 DUATER-ELSURF-EL ATR 243770 0000 :
xccan-ounvsnxcnnna+tsLuarn ELnuc)x(cannn-sa Py 043780 0000 ;
1F (SEGDEP. LE.2.1BE) GO TO 043790 0000 5
IF(DUATER.GT.2.3BE) GO TO oae 243800 0090
¢ SEGMENT IS DEEPER THAN 2BE AND GUT IS WITHIN 2BE OF GROUND SURFACE 043810 @000
GAMMAA= (GAMMASDUATER+ (GAMMA-62.4 k(2. 8BE-DUATER) )/ (2. XBE) 243820 2000
cnnnan-<canna-s L4 243830 0000
GO T 043840 0000
¢ sscnzur ann GUT RRE BOTH DEEPER THAN 2BE 043850 0000 :
1020 GAMMAA«GAMNA 043860 0000 .
i GAMMABe (GAMMAZX ( DUATER-2. KBE )+ (GAMMA-62. 4 )X (ELUATR-ELAUG ) )/ (SEGDEP- 043870 0000 ‘
: 1 2.%8E) 243880 0000
: 60 TO 11990 043890 0000
¢ SEGMENT 16 WITHIN 2BE OF GROUND SURFACE 243900 0000
1030 GANNAC- (GAMMADUATER+ (GANNR-62. 4 ) X(ELUATR-ELAUG ) )/ SEGDEP 243910 00090
o 0 1100 243920 0000
T 1S ADOVE GROUND SURFACE 043930 0000
® 050 cnnnnn-annnn-sa 043940 0000
GAMMAB.G GaRNA-62. 4 043550 0000
GAMMAC=GAMMA-62 043960 0000
sxccnn-szcospxccnnnn-sa O 043970 0000
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COSTUN Listine (Continued)

©, 100 PHIEQR-ATANICORESHY STaaameTaNRL) T T T e438%e oeoe

1100 PHIEQReA aN(COHESN/ Ant+ TAMPH
PHIEQ=PHIEQRS180./P1 244000 Q000
1F (PHIEQ.GT. 4s.) PHIEG=45, 244010 Q00¢
¢ ESTADLISH SEGMENT TYPE AND SMAPE FACTORS 244020 Q000
IF(SEGDEP.LE.2.2BE) GO TO 1300 04403¢ 000Q
Fei. 044040 0000
ESHAPE « { 244050 0000
IF(ITYPE. EO z) GO TO 1119 044060 0000
¢ SHAFT SEGMENT 044070 Q000
Fed. 044080 0000
FSHAPE=Q.5 044090 @000
IFCISHAPS.EQ.2) Fed.6 044100 @000
Ir(XSHnPs EG.2) FSHAPE=0.6 044110 0000
GO 10 1 044120 0000
¢ TUNNEL seons 044130 ¢o0R
1119 IFCISHAPE,EG.3) FSHAPE«L.2S 044140 2000
GO T0 :20@ 044150 2000
€  meeme—eecr e meemcetcaeomceecccececececccaccecaacme——eeeana 244160 @00Q
¢ THE FOLLOWING UNIT WEIGHTS APE FOR STABILIZATION BY DEWATERING 044170 02000
1159 IF (SEGDEP. LE 2.%BE) GO TO 11g@ 044180 Q000
GAMMAA«GANMA 044190 0000
GAMMAR = GAMMA 044200 @Q00
GO TO 12ee@ 044210 0000
1160 cannac-canna 044220 0000
GO TO 135@ 044230 0000
c ----------------------------------------------------------------- 044240 2000
SEGRENT IS DEEPER THAN 2BE 044250 0000
zaoo SIGMAT«2. SBEXGAMMAXF + (SEGDEP-2.SBE )X (0.34~PHIEQLS2. /6000, )% 044260 @000
1 GAMMAXF SHAPE 044270 0000
¢ INCRERASE SIGMAT IF cuT 1S ABOVE GROUND AND SEGMENT NOT DEWATERED Q44282 200¢
Ir(nsranf £Q.2) GO TO i@Se 44290 0900
IF(ELWATR.GT.ELSURF) s:cnnv-sxcnnro(ELunTR -ELSURF )%62. 4 044300 0000
1250 SIGMA1s2. tlExcannaan¢(ssoDEP 2.3BE)S(Q.34-PHIEGXX2. /€000, )X 044310 200e
1 Annna £ SHAPE 244320 0000
1490 044330 0000
¢ SEGHENT 1S NO DEEPER THAN 2BE 044242 0Q00Q
1300 Fei.0 Q44350 Q000
IF(ITVPE EG 1) GO TO 1350 244360 0000
c SHAFT SEGME 044370 0000
F=Q.,5 044380 @000
IF(I1SHAPS.EG.2) F=0.6 044390 0000
1359 S!GNQT-SEGDEPtGanHﬂl 044400 2200
¢ INCREASE SIGMAT IF GUWT 1S ABOVE GROUND AND SEGMENT NOT DEWATERED Q44410 @000
Ir(nsrnnr EQ.2) GO TO 1375 044420 0000
IF(ELWATR.GT.ELSURF) SIGMATSIGMAT+(ELUATR-ELSURF )X62. 4 044430 @000
1375 s:cnax-secbszcannnCtr g444;g 0004
----------------------------------------------------- 444 04

(Continued)
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COSTUN D i ing (Continacd)

COMPUTE STABILITY NUMBER

¢
1400 FISTQN‘SIGHQL/G.l(é.-S!NPHI)l*aNPHX

OO0 OOOOOOOOOO

0O O O O

o000

SHRSTRCOHESN+FRSTRN
STAPNM=SIGMAT/SHRSTR

- - — = = = T Y S - S o - - - -

END
SUBROUTINE AIRPRS(AIRPR ,D10,ELAUG,ELWATR, IERROR, ITYPE,FHI, SHRSTR,
1SIGMAT, STABNM, STABNO, LO, NREAGH, NSHAF T, NsSEG, NTSES)

- = . 0 e = = = = = e = -

- - . . - . . T T T A g e - -

THIS SUBROUTINE DETERMINES THE AIR PRESSURE TG BE USED FCR SOFT
GROUND CONSTRUCTION IN COMPRESSED AIR

CHECK FQR GRANULAR MATERIAL BELOW GUT. IF S0, AIR PRESSURE IS
CONTROLLED BY WATER HEAD
IF(D10.GT. .005 .AND.ELAUG.LT.ELUATR) AIRPRes.433x(ELUATR-ELAVG)
IF(D10.GT. .095 .AND.ELAUG.LT.ELUGTR) RETURN
AIR PRESSURE 1S NOT CONTROLLED BY WATER HEAD. START BY COMPUTING
ngkéLITV NUMBER USING MINIMUM AIR PRESSURE OF ? PSI.
STABNMe (SIGMAT-AIRPRX144.)/SHRSTR
CHECK FOR STABILITY NUMBER DECREASE OF AT LEAST 1.9
IF(STABNO-STABNM.GE.L.) GO TO
DECREASE LESS THAN 1.% OHPUTE AIR PRESURE FOR DECREASEe 1.0
ﬂIRPR-(SIGNﬁT-(STABNO-l.)!SHQSTR)/144
CHECK FOR AIR PRESSURE GREATER THAN 5@ PSI
IF(AIRPR.GT.50.) GO TO 1000
AIR PRESSURE IS LESS THAN 5@ PSI. CAN SEGMENT BE EXCAVATED
IF(STABNO-1. .LE.9. .AND.PHI.LT.28. .OR.STABNO-1. .LE.?. .AND.PHI
1 .GE.29.) GO TO 1@5@
SEGMENT CANNOT BE EXCAUATED FOR STABILITv NUMBER DECREASE OF 1.0
CAUSED BY APPLICATION OF AIR PRESSURE,OR DECREASE OF 1.0 REQUIRES
AIR PRESSURE GREATER THAN 5@ PSI. TRY 5@ PS!
1009 AIRPR=50,
STABNM= (SIGMAT-AIRPRX144.)/SHRSTR

(Continued)
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COSTUN Listing (Continucd)
¢ CHECK WHETHER SEGMENT CAN JE EXCAVATED JSING 50 PSI Q44860 ]
IFEST a.LE 9. .AND. PHI.LT.29. .OR.STABNM,LE.?. .AND.PHi.GE.29.) g::g;g 2080
1 00 7O 1809 0
¢ ?EgHENT CANNOT BE EXCAUATED USING S@ PSI,MAXIMUM ALLOJABLE PRESS. g::ggg 00"2
F(ITVYPE.EG.1) URITE(LD,2000) NTSEG,NREACH 044910 Q080
IF(ITVP%OEO .2) WURITE(LO,300@) NSSEG,NSHAFT gz:ggg ¢ g
¢ SEGMENT CAN BE EXC USING AIR PRESSURE FOR STABNO DECREASE=1.0 044940 0000
1050 STABNMeSTADNO-1. 044950 0000
GO0 TO 1200 Q44560 0000
C  —mmeesccccccccccmcceccreco—mcccce—cereeseccccescce—ceceorsecmco——— 044970 0000
[ ST“'XLITY NUMBER DECREQSE BY AT LERST 1.0 FOR 7 BS1 AIR PRESSURE. 044380 2d080
c N SEGMENT BE EXCAVATED 044950 0000
1100 IF(STQINH LE.S. .nND PHI.LT.29. .OR.STABNM.LE.7. .AND.PHI.GE.29.) 045000 2000
G0 TO 1220 045010 2000
c SEGHENT CANNOT BE EXCAVATED FOR DECREASE=1.@ USING 7 PSI. ZOMPUTE 045020 0000
c AIR PRESSURE S0 SEGMENT CAN BE EXCAUATED 045030 0000
NeQ. Q45040 Q000
IF(PHI.GE.29.) SN=?7. 045050 0000
AIRPRe (SIGMAT-SNXSHRSTR) /144, 045060 0000
c CHECK FOR AIR PRESSURE GREATER THAN 58 PSI 045070 Q000
IF(ARIRPR.GT.50@.) GO TO 1150 045080 2000
AIR PRESSURE LESS THAN 50 PSI 045090 G000
STABNM«SN 045100 0800
G0 TO 1200 245110 Q000
c SEGHENT CANNOT BE EXCAVATED USING 50 PSI,MAXIMUM ALLOWABLE PRESS. 045120 @000
1150 IERROR=1 245130 @000
IFCITYPE.EG. 1) WURITE(LO,2000) NTSEG,NREACH 045140 9000
IF(ITYPE.EQ.2) WRITE(LO,3000) NSSEG,NSHAFT 045150 0000
1200 RETURN Q45160 0000
-------------------------------- 245170 0000
EOOO FORHAT(/ * FATAL ERROR, SEGMENT-,15,‘ IN REACH’,IS,’ CANNOT BE 045180 90000
EXCAVATED USING LESS THAN 50 PSI AIR PRESSURE FéR STﬁBIuIZﬁTION ) Q45190 0000
3.00 FORMAT(/,” FATAL ERROR, SEGMENT’,IS IN SHAFT’ CANNQT BE 045200 Q0aQ
LEXCAVATED USING LESS THAN S0 PSI ﬁIﬁ PRESSURE FOR §TQBILIZATION ) 045210 @000

------ e o laillidiillo-o- 045220 0000
RETURN 945225
END 045232 0eee

(Continued)
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COSTUN Lioting (Continned)

SUAROUT INE REACHD (A, B,CNP, SHAFT, TRDATA, NTSMAX, NSSMAX, NPHAX , NSWaxX, 045240 0000
INTRAAX) 245245
pho c——na- P, R 245856 0000
ceeemceemmamammecmemeemmeememmmamem—ee——————————— SO 245260 0000
THIS SUBROUTINE DETERMINES THE BEGINNING SEGMENT AND TOTAL 04527¢

NUMBER OF SEGMENTS IN THE REACMES. 34 280 009«

Mf veveenvve. LOCATION IN (AC ARRAY OF LEFT SEGMENT IN A REACH 045300 000
N2 ...l il TOCATION IN (A( ARRAY OF RIGHT SEGMENT IN A REACH 045310 000
T «veeiree.. TUNNEL SEGMENT SEGUENCE NUMBER 045320 0000
------------------------------------------- 245330 0000
S ememmmmccmccceccecc—c—n——— 045342 0000

COMMON /BASIC/ NSS,N 245350 0000
DIMENSION Acursnnx,éa) B(NSSNAX, 43),CNP (NPMAX,2), SHAF T(NSMAX,23), Q45360 0000
1 TRDATA(NTRMAX,23) 04537¢ 0000
- - cmmmemmmmec—e——m——- e 045380 0000
Niel 245390 0000
10 045428 0000
IPReA(1,4 045410 0000
NREACH 1R 045420 0000
NPLeA(1, aa 045430 0000
NPReA(1 .3 345440 2000
STANPL <&NP (NPL, 1) 045452 0000
STANPR=CNP (NPR. 1) 045462 0000
STAMLS= (STANPL+STANFR)/2. 045470 0000
NSHAF T« TRDATA(NREACH, 1 ) 045480 0000
NPBS = SHAF T (NSHAFT, 3) 045490 2200
STANPBeCNP (NPBS, 15 045500 0000
etk et PP SR, - @45610 0000
Iel+t 045520 0000
NREACH=A(I,4) 045530 0000
IF(I1.EQ.NTS+1) GO TO 200 045540 0000
IF (NRERCH.NE.IPR) GG TO 200 045550 0000
Nael 045560 2000
GO TO See 045570 0000
045580 0000

xr<sraan LT.STANPB) GO TO 250 245550 0000
NRSEG! 045600 0000
NSEGS-NE-N&01 045610 @000
GO TO 300 045620 0004
NRSEG1»N2 045630 2000
NSEGSe~(N2~N1+1) 245640 0000
TRDATA(IPR,5) *NRSEG1 045650 0000
TRDATA(IPR, 6 )=NSEGS 045660 0000
IFC(I.EG.NT§+1) GO TO 600 245670 0000
siolil e eeaaem -—- ---- 045680 0009
NPLeA(I, ) 045650 0009
NPReA(T.3 245700 0800
STRNPL-&NP(NPL 1 045710 9000
STANPR=CNP (NPR. 1 245720 0000
STANLS« (STANPLSSTANPR ) 2. 245730 0000
NSHAFT= TRBATA(NREACH, § ) 045740 €000
NBBS=SHAFT (NSHAFT, 3) 045750 0006
STANPBeCNP (NPBS, 1 5 045760 0000
IPR=NREACH 045770 0000

(Continued)
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E COSTUN Disting (continned)
:
I
]
!
]
Nge 045780 0900
E n‘-% 346790 0090
; ¢ 045800 0020
::: ég§$iﬁﬁé"75°" GO TO 100 g:ggéz 0da¢
St - S— it
T 3
END 045860 0000
SUBROUTINE ADRATE (A,D,CNP,SHAFT, TRDATA, NTSHAX, NSSNAX, NPMAX, NSMAX, Q45860 9000
INTRIAX) 045865
¢ Smemmemm—someooemoo-o- i D e DL b Lt 245870 e000
} S c——— - e T e T P P 045880 0000
i ¢ 245830 0000
g ¢ THIS SUBROUTINE COMPUTES THE ULTIMATE HEADING ADUANCE RATE FOR 245900 @0ee
'. ¢ SEGMENTS IN WHICH NONE WAS USER SPECIFIED AND COMPUTES THE AUERAGE 045910 0890
¢ ADUANCE RATE IN ALL SEGMENTS 045920 0000
¢ 245930 0000
€ mmmcemmmmemecmmcccocceccceesccscocesceccsmcseccecsescesoemcacceus 245540 0000
€  emcmeeceesecceme—cesmecemsecsescemmccecmsescacesscscacoso—eecmes 245950 000
COMMON /BASIC/ N§S N 045560 0000
DIMENSION ACNTSMAX, és) BINSSMAX, 43), CNP(NPMAX, 2), SHAFTINSMAX, 23), 045970 0000
1 TRDATAC{NTRMAX,23) 045980 0000
------------------------------------------------------------------ 945990 0000
| S N — 045000 0000
¢ COMPUTE ADUANCE RATES IN TUNNEL SEGMENTS 246010 0000
DO 400 NREACHs=1,NTRMAX 046020 0002
IF (TRDATA(NREACH, 1).LT. ,~10.£29) 30 TO 400 046030 0000
NRSEGL s TRDATA (NREACH, 5 045040 0000
nsscs-rnnavacunsncn.é) 046050 0000
NSEGSA=1ABS (NSEGS) 046060 0000
¢ INITIALIZE  UALUES 046070 0000
PINSAR#0. 045080 0000
MEXP=0 046090 0000
DO 300 I-1,NSEG 046100 0020
¢ NSEQUENCE” nunnsn OF TUNNEL SEGMENT 046110 0000
IF(NSEGS.GT.8) NeNRSEGi+l-1 046120 0000 ?
IF(NSEGS.LT.@) N=NRSEGi-I+1 046130 0000 :
MEXA(N, ?) Q46142 0000 i
STABNO=A(N,30) 046150 0000 :
£+2.71828 046160 9000
an-ncn 8) 046170 0000
TSEGLA(N, 45) 046180 8000
IF (MEX.GT.5) GO T0 1000 046190 0000
¢ CHECK FOR EXCAUATION IN DOWNMILL DIRECTION 046200 0000
¢ IF EXCAVATION 15 DOWNWILL,ULTINATE ADUANCE RATE IS ONLY 90 PERCENT 046210 €000
¢ OF ULTIMATE RATE FOR LEVEL OR UPHILL EXCAUATION €46220 00900
SLARF=1.0 046230
NPL®A(N,2) 046240
NPReA(N, 3) 046250 0000
ELNPL-CNP(NPL a> 046260 ©
ELNPR=CNP (NPR 046270 0000
SLOPE-(ELNPL-ELNPQ)/(CNP(NPL,{)-CNP(NPR 1) 046280 0000
IF(NSEGS.GY.® .AND. SLOPE.LT.8. .OR. NSEGS.LY.@ .AND. SLOPE.GT.9.) 946299 2000
P 046300 0000
BEeA(N,39) 246310 Ooee
RS=A(N,5) 046320 9000
RGD*A(N,6) 046330 0000
Glentn,d) 046340 0000
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NSTAB=A(N,31)

T
1008 ‘U:PT-:(N .26)

F{(MEX. xP) 10
.?SS‘ EglggT SEGHENT IN REACHN OR EXCAUATION METHOD WAS CHANGED

-9,

Q0 To 20

XCAUATION 1S SRHE AS IN PREVIOUS SEGMENT
INSAR«PINSAR-. 25

IF (BINSAR. LT.O. BINSAR=Q.

IF(AR.GT. 0 AR TULT-RR

IF(AR.GT ) GO TO 190
AN ULTXHRTE ABUANCE RATE HAS NOT iEEN SPECIFIED,MUST COMPUTE ONE
COMPUTE SYSTEM ADUANCE RATES IN FEET-/24 HOURS
CHECK FOR METHOD OF EXCAVATION

IF(MEX.GT.5) GO TO 1160

THIS IS NOT CUT AND COUER

ISHAPE=TRDATA(NREACH, 3

IF(MEX . NE.2.AND . MEX. NE 3) GO TO 5@

IF(MEX.EQ.2) GO TO 1S@

MOLE IN SOFT GROUND

ARTULT=(2.B(STABNO-7.)8%2 +1.)/100000.%(80.~-BE )X%3,XSLARF

GO TO 1100

MOLE IN ROCK

???ANCETRngOEGU“TIgN NOT GOOD FOR ROCK STRENGTH BELOW 3000 PSI
ARTULT=(10000000. /(BE!RS))X(.G# 4XSIN(3,14159%(ROD/75.41.167)3)

1!(GI+15006)/(5 «XG1+1500. )xSLAR

GO

CONVENTIONAL EXCAUATIONaéN ROCK OR HAND OR RIPPER EXC IN SOFT GRND

IFCISHAPE.EQ.1) SFA=@

1 42

MEX.EG.1) ARTULT=((,.08%BEXX2.25 1XRQD+1003. X((GI+1500.)/
XGI+1500.))/ (SFARBEXLL. S!EXX(.OSS!BEJ!(i +.0025XR5/1000. ) )X
RF!(!.-RQD!(BE-IO ) /7600

EX.EQ.1) GO TO 1200

EX.EG.4) ARTULT=(0.3X(STABNO-10.)X32 +1.)/100000.%

.~BE )Xx3,SSLARF 2@, 785/SFA

X €3.5) ARTULT=(}. 4!(5TR!N0-7 5)xx2 +1.)/100000.%

.~BE )¥¥3, $SLARF30.785/5FA

SHAPE.NE.3) GO TO 1100

SHAPE 1S lﬂSKETHANDLE. CHECK FOR COMPUTED RDUQNCE RATE GREATER
THAN FOR CIRCLE OF SAME BE FOR STABILITY NUMBER = GREATER,
SET ARTULT FOR lASKETHﬂNDLE EQUAL TO MAXINUM RATE FOR CIRCLE.
IF(MEX.EG.4) ART+0.00031%(83.~BE )XX3. ASLARF

1F (MEX.EG.5) ART=9, 0007975‘(80.-!5)!!3 ESLARF

IF(ARTULT.CT.ART) ARTULTsART

I:ECK :gRNgogf GROUND FACE STABILIZATION lV_GROUND INJECTIONS
Ngggﬂb !ﬁJ;C?!ONS ARE USED.CHECK FOR APPLICATION FROM INSIDE SEG.
I

(Continued)
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COSTUN Listing (Continued)

NPREACN, 1
tLurLs-cﬁpcupLs a)
NPRE-CHP (NPRS
SUR -(:LNPLs¢éannsa/a.
SEnuc-csLanozLN R)/2.
ODtP-ELSURF-tl
IP(ISHAPE .NE.J) GO TO 1120
IF(SEGDEP-IE/4. .GT.59.) GO 70 1150

QG T L
aF(SEGDEP-.EIE. .GT.50.) GO TO 115@

0 7O igee
GROUND INJECTIONS ARE MADE FROM WITHIN SEGMENT AND SLOWS ADVANCE
ngng-éOO./(ioo «+ARTULT )XARTULT

CUT AND COUER
SIDESL*A(N,S
IF(SIDESL 67 9.) GO TO 1180
UERTICAL
IF (ISUPPT. CR.5) ARTULT=15.+7. XATAN(3. ~5TABNO)
IF (1SUPPTIEG.6) ARTULT=18.+5.XATAN(4.-5TABNO)
GO TO 1200
SLOPING CUT
DTRNCH=A(N
ARTUL T-zsoéo./<srnssnx(ao +DTRNGCH ) +300.
O NUERT  CONRLTED  ADURNCE RATES ¥0 FEET/NOURS WORKED. INPUT RATES
ARE ALREADY IN FEET/MOURS WORKED
HOURS=TRDATA(NREACH, 8)
SHIFTSe1
IF (HOURS.GE.12.) SHIFTSe2.
értuouns.cz.a1.> SHIFTS=3.

ACe1.
IF (HOURS/SHIFTS.GT.8.) EFFAC*1.9-0.01X (HOURS/SHIFTS-B. 1882,
ﬁRTULT-ﬂRTULTlEFFﬁC!HOURS/24.
IF(TSEGL.LE. 25 x(L. -BINSGR!XE JXARTULT) GO T0 ig2e
ULTIMATE ADUANCE RATE 1S ATTAINED
g?:gg;TiEgL/(ES l(l.-lINSAR)!XE XARTULT+TSEGL)

GO_TQ 240

ULTIHQTE ADUANCE RATE NEVER ATTAINED,SEGMENT TOO SHORT
ARFACe .5X (BINSAR+SQRT (BINSARXXE .+ . 04X TSEGL/ARTULT))
PINSAR®SQRT (BINSAREX2. + . 04XTSEGL/ARTULT)

- - R e e T

aMEX
g?nnge ﬁNg fTORE AVERAGE ADVANCE RATE FOR EACH SEGMENT
A(z+8)-ﬂRTULT!ARFﬁC

COHPUTE ADVANCE RQTES IN SHﬂFT SEGMENTS

DO 800 NSHAFTe1, NSMAX

IF (SHAFT(NSHAFT, 1) LE.-10.E29) GO TO 8

IF THE SHAFT 1§°A PORTAL, SKIP QDUQNCE RﬂTE COMPUTATIONS

)
1F (NPORT.EG.1) GO %0 8oe

NSSEGi'SHﬁFT(NSHﬁFT L
NSEGS=SHAFT(NSHAFT, 4)

(Cout inued)
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COSTUN Listing (Continued?

¢ INITIQLIZE VALUES
nl e.

5 hes 1 +NSEQS

c 'CCOUENCE NUHlER OF SHAFT SEGMENT
N-I-IONSS
MEX=B(N,?
s GLeBiN 35

[+ CK FOR SHQFT CONSTRUCTED IN CUT AND COVER
I %X.£0.0) SULT=0Q.

it 5 3%
[ ]
D=DEPTH TO MIDPOINT OF SHAFT SEGMENT

)
INFLOW ADUANCE RATE FACTOR=1.0 IN DRY SWAFTS,.S5 IN WET
.b.) GO TO 440

¢
440 FU-1.0
450 BE-B(N,29)
RS=B(N,5)
IF(MEX.EQ.MEXP) GO TO 410
¢ ;?ﬁgagsoFlRST SEGMENT IN SHAFT OR EXCAVATION METHOD MAS CHANGED

GO TO 420
¢ EXCAVATION 15 SAME AS IN PREVIOUS SEGMENT
410 BINSAR=PINSAR-.05
IF(BINSAR.LT.0.) BINSAR=0.
420 IF(QR.GT.O.J ARSULTe=AR

¢ IF(AR.GT.0.) GO TC 500
¢ AN ULTIMATE ADUANCE RATE HAS NOT BEEN SPECXFIED MUST COMPUTE ONE
¢ COMPUTE SYSTEM ADUANCE RATES IN FEET/24 HOURS
¢ CHECK FOR METHOD OF EXCAUATION
IF(MEX.EQ.1 .QR. MEX.EQ.4) GO TO 1810
c IF(HEX.EO.3) GO TO 1600
¢ MOLE IN R
c ADUANCE RRTE E“UGTION NOT GOOD FOR ROCK STRENGTH BELOW 3000 PSI

IF(RS.LT,.3000., ~n523000.
hﬂSULT-(SO‘0.00/(lEtRS))!( 5+RGD/200. )XFuU

0_1650

g HOLE IN SOFT GROUND

1600 sgsggr;égs +=4 .XSTABNO )X (1 .-D/6000. )
c ONUENTIONQL EXCﬁUhTION IN ROCK OR WAND EXCAVATION IN SOFT GROUND
1610 IF(MEX GO T0 16

c ONUENTIONRL EXCAVATION IN ROCK

RSULT-.OSIFU!(ROD*iOO.)l(l -D/6000.)
00 TO 1659

¢ D_EXCAVATION IN SOFT GROUND
1620 ISHQPS-GHQFT(NSH&FT,iS

(Continued)
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COSTUN Listing (Continued)
I
|
IF(I nnps £g.1) sFa-9. 786 24B09¢ Q03¢
1F(ISHAPS.EG.2) SFA=1.0 048100 0000 ;
) Alsu «(16.-STABNO)S(1.~D/6000.)%9.785/5FA g:giég 0000
¢ CHECK FOR SOFT GROUND FACE STABILIZATION BY GROUND INJECTIONS 248130 0000
1660 éotngrnaogo .3) GO TO 16 3:{};8 900 ‘
¢ GROUND_ INJECTIONS aas USED.CHECK FOR APPLICATION FROM INGIDE SEG. 048160 020¢
1669 IF(D.LE.200.) GO TO 176 048170 0000
¢ GROUND TRJECTIONS RE MADE FROM_UITHIN SEGHENT AND SLOUS ADUANCE Q48182 0000
ARSULT»1009./ (100. +ARSULT )RARSULT 048150 0000
¢ CONVERT COMPUTED ADUANCE RﬁTES TO FEET/HOURS UORKED. INPUT RATES 048200 0000
¢ ARE ALREADY IN resr/aouns WORKED 048210 0000
1709 HOURS=SHAFT (NSHAFT, 1 048220 0000
nnSULT-aRSULTxHoun§/a4. 048230 0000
€  —memmmcecemosreecmeecsecmeces—acesceosooscac 048240 0000
50@ IF(SSEGL.LE.25.%(1. —s:usaaxxa YXARSULT) GO TO 520 048250 2000
¢ ULTIMATE ADUANCE RATE IS ATTAINED 048260 0000
RRFACS RSSEGL (25 ac1  ~BINSARITES EARSULT+SSEGL) 048370 2000
PINSAR=1.0 248280 0000
GO TO 649 048290 @000
¢ ULTIMATE ADUANCE RATE NEVER ATTAINED,SEGMENT TOO SHORT 048300 @000
520 ARFACe.5¥(BINSAR+SQRT(BINSARKEZ.+.04%SSEGL/ARSULT)) 048310 0000
PINSAR-SORT (BINSARS2. +. 0415SEGL/ARSULT) 048320 0000
640 MEXPeME 048330 0000
¢ COHPUTE AND STORE AVERAGE ADUANCE RATE FOR EACH SEGMENT 248340 0000
B(N,38)=ARSULT 048350 0000
700 B(N,B)*ARSULTXARFAC 248360 0000
800 CONTINUE 048370 0000
------------------------------------------------------------------ 248380 €000
RETURN 048350 0000
END 048400 0000
sunkourxus CONSTM (A,B,CNP,SHAFT, TRDATA, NTSMAX, NGSMAX, NPMAX, NSMAX, 048410 0000
1NTRMAX 048415
e e T et B L DT S 048420 0000
o 048430 0000
¢ THIS suanouvxns CALCULATES SEGNENT CONSTRUCTION TIMES INCLUDING 048440 0000
¢ TIME FOR LININ 048450 0000
¢ - M RN S S U EP 048460 0000
€ e e cmmeseacmcmmmacmcccmam e momaea 048472 2000
COMMON /BASIC/ NS$S,NTS 248480 0000
DINENSION A(NTSMAX,58),BINSSMAX, 43), CNP(NPMAX, 2), SHAFT (NSMAX,23), 048450 0000
1_TRDATACNTRNAX,23) 048500 0000
€ e e e cemcacme e cmcccmcmecme e 948510 0000
¢ 048520 2000
¢ ggLCULnTE CONSTRUCTION TIME FOR TUNNEL SEGMENTS g:gggg acee
¢ NEXT LINE sers VERY HIGH LINING ADUANCE RATE FOR UNLINED anD 048550 0000
¢ SHOTCRETED TUNNEL SEGMENTS WHICH RESULTS IN PRACTICALLY ZER 948560 000¢
¢ CONSTRUCTION TINE IN THESE § samsnrs FINE FOR SUOTCREFING 19 ZERC 48570 806
¢ 'Ec?”séng 1S PLACED IMMEDIATELY AFTER EXCAUATION 825232 2000
NTSTVP'Q(I, 15) 948600
NREACH®A 048610 0900
nouns-rnna+n<nasacn 048620 269
DAYS < TRDATA(NREACH, 6 048630 0000

(Cont inued)
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COSTUN Listine (Cont inued)

1F (NTSTVP GT 1) GO TO 48
¢ NINGSA(I,10)
<Lx~x~c.ta 1) AL=33HOURS

40 AR-A

100

rs:a -ic
aCl, o»-:*staLzuaorssaL/aL>xv /DAYS

L) -

CALCULATE CONgTRUCT!ON TINE FOR SHAFT SEGMENTS

0 100 1=

NEXT LINE $ETS UERY MIGH LINING ADUANCE RATE FOR UNLINED AND
SHOTCRETED SHAFT SEGMENTS WHICH RESULTS IN PRACTICALLY ZERQ
CONSTRUCTION TIME IN THESE SEGMENTS. TIME FOR _SHWOTCRETING IS ZERO
BECAUSE IT IS PLACED IMMEDIATELY AFTER EXCAVATION

1)
1SHAPSsSHAET (NSHAFT, 16) -
HOURS »SHAF T (NSHAFT, 17)
DﬁYS'SHﬁFT(NSHAFféla)

IF (NSSTYP.GT.1) £0 T0 8@
LINING=B(1,1

TFCLINING £0°1) aLe2. SHOURS
ARSB(1,8)

SSEGL=B(1,35)

NO CONSTRUCTION TINE FOR CUT AND COUER OR DUMMY SMAFT
IF(NSSTYP.EQ.3.0R. ISHAPS.EQ.0) AR=10.E30

B(I, 40)-(SSEGL/ﬂRoSSEGL/RL)x7 /DAYS

RETURN

END

N
1§¥gzgg§INE PUMPHT (A,B,CNP,SHAFT, TRDATA, NTSMAX, NSSMAX , NPNAX , NSMAX,

-———

THIS SUBROUTINE COMPUTES PUMPING HEIGHTS FOR TUNNEL SEGMENTS

——— - - - ———

%?2232165“2¥§4sn2x$ea B(N
), B¢ ),CNP( T
 DIRENSIGN A(NTSNAX, 68, SSMAX, 43), CNP (NPMAX, 2), SHAF T (NSMAX,23 ),
DO 200 I=1,NTS - T
NREACH-&(I 4)
NTSTYPsA(I,16)
IF(NTSTYP.£Q.3) GO TO 100
A S ——

UMPING HEIGHT EQUALS SHAFT DEPTH OR
BIFFERENCE IN ELEUATION FROM TOP OF SHAFT To HIDROINT or TUNNEL
SEGMENT, WHICHEUER IS GREATER
NSHAF T« TRDATA(NREACH, 1 )
NPTS'SHRFT(NSHAFT,E
ELIS;C?PéNPTS.a)

ELNPLCNP(NPL,2)
ELEoATIon AT HIDPOINT OF T "

N
ELAUGS (ELNPL*ELNPR)/2. UNNEL SEGMENT

(Continued)
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COSTUN Listing (Continued)
PHeELTS~-ELAVG 949210 0000
¢ $ET WH EGUAL TO MUCK MOISTING HEIGHT(SHAFT DEPTH) 049220 0000
HHeSHAET (NSHAFT,8) 049230 €000
IF (4. GE_PH) PHHH 245240 0000
GO T ] 049250 0002
¢ CUT AND COUVER 045260 €000 i
100 D19-A(1,19) 043278 0000 4
IF(D10.[E.0.005) PHeo 045280 0000
1F(D40.T .9.088) GO TO 168 049296 0000
LROCK=A(T,2?) 049300 2020
TUATEReA(1;23) 049310 0000
ELIMPeA(I,84) 049320 0000
NpLs.A(I,i7) 049330 0000
PRSeA(],18) 049340 0000
ELNBLE<GHB (NPLS, a) 049350 2000
ELNPRS «CNP (NPRS 249360 0000
sLsuar-(:anLsoéLﬁpns)/e. 049370 0000
DROCK »ELSURF ~ELROCK 249380 0000
DTRNCHeA(I,52) 049350 2000
MEXeA(1,7) 049400 0008
ISUPPT«A(I,26) 045410 0020
ELUATR-ACI, {4) 249420 0000
DSLURY-A(1;3 249430 0000
¢ PHe THE snathn OF (ELSURF-ELIMP) AND DTRNCH, EXCEPT FOR SUMP 049440 0000
¢ PUNPING, FOR WHICH PHeDTRNCH 245450 0009
IF (DTRNCH.GE .ELSURF~ELIMP) PHeELSURF-ELIMP 049460 0000
IF (DTRNCH. LT.ELSURF-ELIMP) PHeDTRNCH 049470 0000
IFC(IWATER.EQ.Q .OR.ISUPPT.EQ.5 .AND. DROCK.LT.DTRNCH)PHeDTRNCH 045480 0000
IF (JUATER.£Q.@. AND. ISUPPT £Q.6 . AND. DSLURY . GE.ELSURF-ELINP) PHe0 243490 oa0e
IFCELUATR.LT.ELSURF-DTRNCH) PHe@ 049500 0000
c srone PURPING HEIGHT 049510 0000
150 A(I,57)PH 049520 0000
200 con?xnus 249530 0000
e - - - 049540 0000
RETURN 249550 0000
END 0439560 0000
SUBROUTINE PUMPRT (A,B,CNP,SHAFT, TRDATA, NTSMAX, NSSMAX, NPMAX , NSMAX, 049570 0000
tNTRMAX) 049575
¢ B S PP RIS 049580 0000
¢ e NN 049550 0000
¢ FLOU RATE TO BE PUNPED FRONM TUNNEL AND DEWATERING FOR TUNNELS 049600 2000 1
¢ . 049610 9000
¢ iadidiiaiig - - cmmmmmcccmc————- 049620 0000 ~
€ emee- S —— .- - 245630 9009 :
¢ 049640 0000
connou /BASIC, NSS,N 049650 0000
DINENSION ncNTsnnx,éa> B(NSSMAX, 437, CNP(NPMAX, 2), SHAFT (NSMAX,23), 049660 9000
¢ 1 TRDATA(NTRMAX,23) gdgg;g gggg
4
[ XXXXXRAREEEAAXSLXXXEXAEEXTAXEXAXRXXRLIAXXEXNXBEX XXX IXRAXEAXXEREAXRESX Q48690 0000
¢ TUNNELS 049700 0000 1
g REEXAXXSEEAXEREARKEEERXRELLSEXSERAXIRXXXASAXXXXEXBLXXXREXXXXERXRXR g:g;ég :gg:
DO 400 NREACH=1,NTRMAX 04873¢ 0000 !
IF (TRDATACNREACH, 1), LT.-xo £28) GO TO 4900 049740 0000
NRSEG1 » TRDATA(NREACH 2497650 0000
NSEGS s TRDATA (NREACH, 6) 049760 6000
NSEGSA=IABS (NSEGS ) 045770 0000 :

(Continued)
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{ COSTUN Listiny, (Continued)
%
|
NITIALIZE VALUES 045780 2000
¢ } ‘ 249790 2000
;-... 043800 o060
6.6 049810 2000
: 20, 045820
f 0o GSA 043830
| ¢ NOSEQUENCE nuﬁsen oF TUNNEL SEGMENT 049840 2904
a IF(NSEGS.GT.0) NeNRSEGS 049850
{ IF(NSEGS.LT.0) NeNRSEG:~ xox 049860 @08«
! NTSTYPeA(N, 16} 243870 @0
w PERNuA (N, o6 249880 O¢
10+A(N,19) 249890 Q0¢
; UATERSA(N. 23) 049900 >
nsran-azn i 049910 0000
DE-A(N,39) 049920 0000
ELnocx-n(n 27 049930 0000
NEXsA(N,?) 045940 0000
: ELUATR-A(N 14) 249950 9000
v NPLsA(N, 2) 049960 0000
r NPR=A(N.3) 045370 0000
f ELNPLsCNP(NPL, 2) 045980 2000
ELNPReCNP(NPR'3) 249990 0000
ELAVGe (ELNPL+ELNPR)./2. 050000 0000
IF(NTSTYP.EG.3) GO TO 200 250010 0000
€ mmmmmmemen sl el e ccc - ---- 050022 0000
¢ ROCK OR SOFT GROUND TUNNELS 850030 2000
S St S e bl houttonghthnb S .- ---- 050040 2000
¢ asnnxnc INFLOU AND RESIDUAL FLOW IN TUNNELS 050050 0000
GIs 050060 9000
ELIOTH-ELAUG-BE/E. 050070 0000
ISHAPE « TRDATA(NREACH, 3 058080 0000
IF(ISHAPE.EQ. 3) E.506R- =ELAVG-BE~4. 050090 0000
¢ IF GROUNDUATER BELOU TUNNEL, Gl =0 250100 0000
IF (ELUATR.LT.ELBOTM) GI+0 050110 0000
zr«ursrvp €G.2) GO TO 148 050120 9000
ROCK TUNNELS 05013¢ 0000
g esraaLxsu RESIDUAL INFLOW(GPM/FT) AND INFLOW AT FACE FOR PUNPING ggg};g gggg
xr(cx ce 199.) GO TO 135 050160 09000
GIR+8,001%G] 050170 0000
GIF«G1 050180 000
GO T0 1S5 050190 0000
135 GIRD.1 050200 000
GIFe10e, 056210 0000
GO TO 155 050220 0000
¢ SOFT GROUND TUNNELS 050230 @000
140 GIFsGI 950240 0000
GIReQ, 950250 0000
156 ACN,60)sGIR 950260 0000
ReFLRT 050270 0009
TSEGLeA(N, 4 256280 2000
LRT-o.Sxéxax TSEGL 050390 000e
¢ AVERAGE FLOW T0 BE PUMPED AND CHARGED TO NTH SEGMENT 050309 0000
FLOH-Z#ﬂ¢FLRT +GIF 056310 0000
ACN,58)eFLOU 050320 0000
2-r{Ou-GIF 050330 000
¢ THE FOLLOWING WILL DETERMINE THE LENGTH OF PIPE REGUIRED 950340 0000

¢ FOR THE SEGMENT WHEN PUMPING UPHILL. 1T 15 ASSUMED THAT NO PIPE 56350 9900

(Continued)
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18 REQUIRED WHEN THE THE WATER MAY RUN DOUN THE SEGNENT IN THE 950360 0000
ofat5$¥0N (OF THE EXIT SHAFT. 956370 0000
NPLeA(N 950386 0000
NPReA(N ﬁ' . 9ce3se g400
UDeCAP(NPR,2)-CNP(NPL,2 0 o¢
EtEpE fe POSI 4 30ECUREN CAGILL IN THE DIRECTION OF HEADING ADUANCE 026416 060
S10N OF THE SLOPE(ACTUAL VALUE 1S INATERIAL) 50420 000
SSELEVBINSEDS 2430 2000
ESTABLISH THE PIPE LENGTH REQUIRED 58448 902e
1F(SS.LT.0) PIPE+0.53TSEGL 950460 0000
DETERMINE THE CUMULATIVE PIPE LENGTHS REQUIRED 050470 0000
ACN, §8)<224 TUDE+PIPE 950480 0000
TuBE =P 950490 2000
ZIohN. G 250500 0000
xr(NTsfvp.sa.a) GO TO 160 950510 0000
ROCK TUNNELS eS052¢ 0008
GO TO 300 5
950540 2000
950550 0000
DEWATERING FOR SOFT GROUND TUNNELS 950560 0000
IF(MSTAB.NE.2 .OR.ABS(PERM).LE. ©.0006) GO TO 250 950570 veee
HEADU*® 950580 0000
ELINPA(N,24) 950590 0000
LI EUATERING METHOD USED, WATER TABLE ABOUE IMPERUIOUS LAYER, AND 650800 0000
WATER TABLE ABOVE ELAUG, THEN SET FOLLOUING UALUES 250610 0000
IF(ELIMP.GE.ELBOTM) DRAUDN=ELUATR-ELIMP 950620 0000
TF(ECIMP.LT.ELBOTM) DRAUDNELWATR-ELBOTM 950630 0000
DIMPELBOTM-ELINP 050640 0000
GO T0 210 250650 2000
------------------------------------------------------------------ 250660 0000
CUT AND COUER DEURTERING 250670 2009
------------------------------------------------------------------ 250680 2000
NPLSeA(N,17) 250650 0000
NPRSeA(N. 18) 050700 0000
ELNPLS-CNP(NPLS 2) 250710 0000
ELNPRS»CNP (NPRS ) 950720 0000
ELSURF-(ELNPLS#ELNPRS)/a. 950730 0000
IF(D16.LE.2.005) GO TO 250 250748 0000
ELIMPA(N, 24) 950750 0000
DTRNCHeACN,52) 25076¢ 9000
ISUPPTsA(N,26) 95077¢ 2000
Psan-naS(Pénn) 050780 0000
IF(ISUPPT.NE.6 .OR. IWATER.EG.1) GO TO 205 950790 0000
CHECK FOR SLURRY UALL PENETRATING IMPERUVIOUS LAYER 250800 0000
DSLURY*A (N, 38) 50810 0000
PPCDSLURY. &8 ELSURF-ELINP. OR.DSLURY .GE .ELSURF-ELROCK) GO TO 250 850820 2000
HEADU=~-7.2(ALOG1Q (PERM )+1.) 50830 0000
IF (HEADV.GT.21.) WEADU=21. 050840 90
1F (HEADV.LT.8.9) HEADU*Q. 95085¢ 200K
HEADU=0 FOR SUMP PUMPING 050860 0000
IF(1UATER.EG.9.0R, ISUPPT.EQ.S.AND.ELROCK.GT.ELSURF-DTRNCH)IHEADU=0 050870 0000
DRAWDN s DTRNCH~ ( ELSURF - ELUATR) 050880 000
DIMPSELSURF-ELIN-DTRNC 9850 0009
IF(DIRF.LT.0.0) naaunu-sLustn-aLGP 050500 0000
IF(DIMP.LT.Q.) DIM 050919 000
DEUATERING 13 noT ne:nen IF GROUNDWATER BELOW BOTTOM OF EXC. 060920 0000
IF (DRAWDN.LE.O. TO 269 050930 0060

(Continucd)

ALl




COSTUN Tistine (Continucd)
aDs NeDIMP+HEADY 050940 000
2%.3.2%‘“3 n° 053960 2200
FLOUDU<@. 76X(0.73¢8. 278 (HEAD- ~DIMP)/HEAD )8 L HEADXX2-DINPEX2) 050960 200
O R R e seasis o
¢ {g({; SOngsﬂs:!LE “I*g,g~°°f~° AND ROCK LINE ABOVE TRENCH BOTTOM gggggg eae
1F (ELROCK . T/ ELSURF-DTRNCH) GQ 70 240 251010 |
¢ WELL CAPACITY AND NUMBER OF UELL 251020
216 IF(FLOUDY.LE.®.7) GO TO 220 051050
IF(FLOUDU.GT.400.) GO TO 230 251040 ¢
FLOWL=1S.XFLOWDUXS1.2 051050 @
uELLSP-xs xFLOLDURRO. 2 051060 000¢
& 21089 o050
220 FLOUL-io
WELLSPe10 0510990 '}
G0 T0 235 251100 0080
230 FLOuL-20000 951110 @¢ee
WELLSP+20000/FLOWDY 951120 0000
235 JELLSe2, /UELLSP 251130 0000
GO TO 260 251140 @000
¢ STORE FLOW FROM SUMP PUMPS 051150 0600
240 A(N,E1)sFLOWDURE. 051160 2000
veL{seo 251170 2000
ACN,68)WELLS 051180 9009
G0 f0 300 0511950 2000
250 FLOUL-O 051200 2000
VELLS 0 251210 0000
¢ STORE WELL CAPACITY AND NUMBER OF WELLS PER FT OF TUNNEL 051220 0000
266 A(N,€1)FLOWL 051230 9009
ACN,68)=UELLS 251240 0000
200 CONYINUE 251250 @800
200 CONTINUE 051260 0000
I 051270 2000
[+ b3 338890900 33¢0833¢800 03 0 ¢3¢0 3380303 ¢8¢32838¢23343¢3333348334¢4¢333¢q 13011 1]
¢ SHAFTS-- DEWATERING ONLY 051290 0000
g P23 3303038ttt 00 3003803333383 ¢9 93843888839 ¢88¢4 ggig?g gggg
DO 700 NSHAFT=1,NSMAX 251320 @000
IF(SH&FT(NSHQFT 1).17.-19.£29) GO TO 790 05:330 0000
NSSEG1eSHAFT (NSHAFT, ¢ ) 051340 0000
NSEGS=SHAF T (NSHAFT, 4) 251350 @900
DO €00 I=1,NSEGS 251360 @090
NeNSSEGL+I-1 051370 0000
NSSTYP=B(N,15) 051380 2000
PERM=B (N, 23) 951390 0009
HSTA)-D(N as: 051400 0000
nsx-ncu 051410 0000
BE-BIN 59) 051420 2009
Ir(nssfvp NE.2) 8O TO 550 051430 0000
¢ SOFT GROUND SHAFTS 051440 0000
TR (MSTAB NE. 5 on. ABS (PERN).LE. 0.09006) GG TO 550 051450 0000
:Lunvn-nt N,13) 051460 0000
NPBeB (N, 4) 051470 006@
ELNPB-CNP(N 951480 0060
¢ nsunr:nrnc ~o+ NEEDED xr aaounnunfsn BELOW BOTTOM OF SHAFT SEGMENT @51409 0000
IF(ELUATR.LE.ELNPB) GO TO 550 051500 0000
NPTSoSHAF T (NSHAFT,2) 061510 0000

(Continued)
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COSTEN Tisting (Continned)

ELSURE «CNP (NPTS, 3) 951520 0000
xs¥~'s;snn§;(nsnarr .16) 3?{333 90
nu-:nuar«-enupn 051550 0000
DINPELNSB-ELIMP e51560 000
s sricis s
FLOWDU*0.75%(9.73+Q.27X(HEAD-DIMP ) /HEAD )2 (HEADXX2-DINMPEX2) 251590 0000
1/(H€h0 SORT(HE“DIDXHP))!PER 251600 0000
WELL 95161¢ 0Qe0
T 051620 2000
1F 19HAPS.€0.2) SFPed 951630 oeee
WELLSPeSFPX(BE+20Q.)/3. 251642 02020
] FLOUL «FLOUDUXUELLSP 251650 000
G0 TG 560 051660 0000
¢ ROCK OR CUT AND COVER SHAFTS 251676 0000
§50 FLOWLe9 251680 2000
c STORE WELL CAPACITY 251690 0000
560 B(N,42)sFLOWL 251700 000¢
600 CONFINUE 251710 ¢eee
700 CONTINUE 051720 0000
RETURN 251730 @000
END 051740 2000
susnourxns UOLUME (A,B,CNP,SHAFT, TRDATA, NTSMAX, NSSMAX, NPMAX, NSMAX, 951750 @000
INTRNA 051755
¢ - - ceemmmeeeene - -- 251760 0000
S ————— - P -- 051770 2000
¢ THIS SUBROUTINE COMPUTES THE EXCAUATED UOLUME PER LINEAR FOOT OF Q51780 9200
¢ TUNNEL AND_SHa 251790 2000
¢ S . 051800 0000
¢ L - ——-- 051810 @
CONMON /BASIC/ NSS,NTS 051820 0000
! DINENSION A(NTSMAX, és> BUNSSMAX, 43),CNP(NPMAX,2), SHAFT (NSMAX,23), 051830 0000
1" TRDATA(NTRMAX, 23) 051840 0000
e e 251850 0000
¢ TUNNEL VOLUME INCLUDING OUERBREAK IN SOLID CUBIC YARDS/FOOT 951860 2000
DO 10 Is NTS 051870 0000
] utsrvp-a(f 951880 0000
CHECK IF szsnenr excauarsn BY CUY AND COUER 951890 0000
IF(NTSTVP.EO 360 T 251900 0000
TUNN 051910 0000
BOBsA(1,42) 951920 0000
NREACH=A(],4) 051930 2000
] ISHAPE=TRDATA(NREACH, 3) 951940 0000
. ¢ CHECK THE SHAPE OF TUNNEL 851550 0000
IF(ISHAPE.EQ.1) SFRe@.785 051960 0000
] IF(ISHAPE.EG.2) SFA+0.893 951570 00€0
IFCISHAPE.EQ.3) SFA=4.425 851980 0000
u-nonx:aus ’27. 951998 0000
952000 2000
] ¢ ——- - - 952010 0000
¢ ur AND_COUER 952020 0000
$5 BE~A(I,39) 952030 9000
DIRNGHAACT,62) 952040 009
NPLSeA(I,1%) 952050 0004
b shaes s
.
¢ COMBUTE THEDEPTH OF ROCK 052080 6000

- RTINS
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ELROCK=A(],87) 052080 0000
ELSURF « SI(CNP(NﬂLS 2)+CNP(NPRS,2)) 952100 0000
naggu-:Lsuar -ELROCK 252:10 0009
¢ c TE THE EXCAUATED UOLUME IF CUT IS ENTIRELY IN SOIL g. ;gg gggg
-9
uso -(lEoDTRNCNISIDESL)tDTRNCH/a'? 952:40 Q0009
ok DTRNCH T0 8 052150 0000
¢ conpurs fn: sxcaunrsb UOLUME IF CUT IS IN PART SOIL-PART ROCK 052160 @oeo
UROCK « BEX ( DTRNCH-DROCK ) /87 @5217¢ 0000
USOIL-(IE¢DROCKXSIDESL)xDROCKr&?. 052180 9000
28 UrUROCK+USOIL 052190 @eee
10 A(1,81)ey 052200 0000
e St LU SIS PSR, 052210 2000
¢ SN af 052220 0020
DO 20 I=1,NSS 05223¢ @000
ton-a(z 3é> 052240 0000
SFR«0.7§5 252252 2000
NSHAPTeB (1 @5226¢ 0000
ISHAPS® s~aér<~snarv 16) 05227¢ 2000
NSSTYP=B(1,15) ) 952280 0000
xr<xsunps £ 2) sFast. 4 252290 0000
Ve, 05230¢ 9000
IF (I1SHAPS.EG.Q) GO TO 052310 0000
IF (NSSTYP.NE.3) u-nosxxaxsrn/ev 05232¢ 0000
20 B(I,38)sy 852330 0000
RETURN 252349 0000
END 85235¢ 0000
SUBROUTINE EXCUOL (R, B,CNP,SHAFT, TRDATA,NTSMAX, NSSMAX, NPMAX, NSMAX, 952360 000e
INTRMAX ) 852365
e T T Sy O 252372 0000
€  emmmem—eeceeeeeemecacmeeeeeem oo —ccmcm—se————eaes 05238¢ 0000 :
¢ CALCULATES THE EXCAUATED UOLUME 10 EXIT FROM EACH SHAFT AND 052390 0000 ;
¢ LENGTH OF TRENCH TEMPORARILY LEFT OPEN IN CUT-AND-CCUER EXCAUATION 852400 0000 !
PSRRIl htu iy SR AP u SR s et At 852410 0000 f
€  —ememremm— e meeeesemem e e e mo—eemcmme——mmemoen 052420 0000 -
COMMON /BASIC/ NSS,NTS 852430 €000
DIMENSION A(NTSMAX,E8),B (NSSMAX, 43), CNP (NPMAX,2), SHAFT(NSMAX,23), 052440 0000 ,
1 TRDATA{NTRMAX,23) 052450 09000 ;
e e et cc s s e 05246¢ 2000 '
¢ 052470 0000
¢ INITIALIZE TOTAL EXCAUATED UOLUME 05248¢ 0000
DO 100 Nei,NSmax 05249¢ 0600
109 SHAFT(N,5)+0.0 052500 0200
¢ CALCULATE UOLUME FRCM CUT AND COUER REACH @52510 0000
e s SR s U R 95252¢ 0000
DO 10€@ Is=1,NTRMAX 95253¢ 0000
IF (TRDATA(E,1).1T.0) GO TO 1000 05254¢ €000
NRSEG1sTRDATA(I,S} 052550 00090
NTSTYPeR(NRSEGL . 16) 052560 0000
IF(NTSTYP.NE.3) G0 TG 1900 052572 0000
NSHAFT»TRDATA(I, 1) 052580 0000
NSEGS=TRDATA(I, ) 052590 0000
DAYSsTRDATACI,§) 052600 2000
NSEGSA=I1ABS(NSEGS) 052610 0000
JTEXCQ. 052620 900e
UTHON«6. 052630 0000
PINGAR=Q. 052640 0000
MeNRSEG! eS26se ovee




1100

c
1390

COSTUN istinge 6,

A
v A
VBOX 'A
AR
QRTULT-G

LININGeA(
CTTS1 =TSESL/

(
(
(
A
(

CICIEIES

00-5—-0!

4
S
]
4
1

EREAIAX
uwv\-«vu

Wt b

ADVANCE RﬁTE FACTOR AT END POINTS OF SEGMENT

BINSARePINSAR-0.05
IF(PINSAR.LT.Q.) BINSAReQ,
TAULT«(1.-BINSAR /0,02
PINSAR«BINSAR+@.Q2XCTTSY
IF(PINSAR.GT. 1. )PINSAR=1,
TINE REQUIRED FOR TRENCH TO BE LEFT OPEN
IF(LINING.EQ.1) TIMEOP«30.%XDAYS/7.+18.
IFCLINING.EG.J) TIMEOP=10.
UTEXCsUTEXC+URTSEGL
UTBOX=UTBOX+VBOXXTSEGL
IF(CTTSI GT.TIMEOP) T1=CTTS1-TIMEOP

PUTE TRE LENGTH OF OPEN WITHOUT BACKFILL

1 -Tixx2)+CTTSL-TMULY

IF(T1.67.TMULT) 0PENT-ﬁRTULT!(CTTSl-Tiz
CALCULATE UOLUNE OF DISPOSAL AND BACKFILL
UT)ST= (0. {XUTEXC+UTBOX+(U-UBOX )SOPENT )/1.1
UBI'T= (U-UBOX JSOPENT

Te=TIMEOP-CTTS1+TY

PIN2ePINSAR

?iﬂENSEGS/NSEGSﬁ

CHECK IF THE NEXT SEGMENT 1S INVOLVED
IF(T2.LE.0.) GO T 5 L

CHECK FOR END OF E

%;é&L.GT.NSEGSR) GO T0 1509

L =A(N,45)

V *A(N,S51)
UBOX2 =A(N,S54)
AR

ARTU2 <A(N, 49)
TT

CcTYSa
BIN2+PIN2-0
IF(BIN2.LT. 0 ) BINS=@

CHECK IF MORE SEGMENTS INUOLUED
IF(TE LE.CTTS2) GO TO 14

Lell+y
TE'TE'CTTS&
NeN+NSEGCS/NSEGSA
UTDST«UTDST+URXTSEGL
VBFTeUBFT+ (U2~ U'OXE)!'SEQL
PINE BIN2+0. OZ!
IF(PINE.GT.L. 2'1.
OPENT'OPENTOTSEOL

Coot innied )

Mt e i amia

¢ con 4
120011F(CTT51 JLE.THULT) OPENT=ARTULTS(CTTS1-Ti )X(BINSAR+D.QL1X(CTTS1+TL)
)
IF(CTTS1.GT.TMULT) OPENT-ARTULT!(BINS&RX(THULT T1)+@. 05X (TRULTx2

952660
4

253230
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14..

c
1500

¢
1660

00

17ee M

2eee
2ie0

1000

COSTUN Tictinge (Cont inued)

GO0 TO 1369

THULTB'(l‘-lINR)/ .82

COMPUTE LENGTH UITHOU? BACKFILL IN THE LhST SEGMENT OF OPEN
IF(T@.LE.TNULTR) OPENT2+ARTURITRX(BINE+3.Q18T2
IF ;;B*HT TgULTa) OPENTB'ARTUEI(.INE!THULTB¢O OIITHULTallZ
1 +TR-TMULT

CONPUTE UOQLUME OF DISPOSQL AND BACKFILL
VTDSTeUTDST+UBXOPENT
U.FT-U'FTO(UE-U’OXQ)lOPENTE
OPENT=OPENT+OPENTR2

MAXIMUM UOLUME IN LENGTH ‘OPEN’

IF(UTDS. GT VTDST) GO TO 1600

UTDS=UTD

UDF'UlFT

QPEN=OPENT

CHECK IF LAST SEGMENT OF REACH

IF (L.GE.NSEGSA) GO TO 2100

IF(LL.GT.NSEGSA) GO TO 17e@

TisTie+l,

IF(T1.LT.CTTSL) GO TO 1200

MeM+NSEGS/NSEGSA

GO TO 1100

COH:UTE THE TOTGL VOLUME OF EXCAUATION AND BOX IN A REACH

DO 2000 JeMM,N
TSEGL-Q(J 4s)

veA(J,51

VBOXYACS .S

UTEXCe UT&XC#UXTSEGL
urnox-u730x+usoxxrsscL
UDSsUTDS/UTEXC

sunrr(usnarr $)eSHAFT(NSHAFT, 9)+UTDS
BACKFILL VOLIME

unacos-uarlx 1z(urexc UTBOX)
UBACEX*0.909-UBACDS

STORE UALUES IN ARRAY

TRDATA(I, 16)=OPEN

TRDATA(],21)sUDS

TRDATA(I,22)=UBACEX

TRDATACI, 23)»UBACDS

CONTINUE’

CALCULATE UOLUHE FROM TUNNEL SEGMENT
DO 200 Nei, NT

NREACH®A(N

NSHQFT-TRDATA(NREACH 1

NTSTYP=A(N, 1

IF(NTSTYP, éa » 60 TO 200

UsA(N,B1)

TSEGLeA(N, 45)

ggn;I(NSHAFT .9)°SHAFT (NSHAFT, 9 ) +URTSEGL

CALCULATE UOLUHE FROM SHAFT SEGHENT
DO 300 Nei,NSS

1,
NSHAFTsB(N, 1)
NSSTYPsB(N, 15)

(Continuced)
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COSTUN Distinge (Cont inucd)
TvP.E£0.3) GO TO 300 253820 oo
IF;Nz’3. €a.3 053830 2000
SSEGL=B(N 063640 2000 ‘
SHQ;T(B%H‘FT.D)-SNQFT(NSNAFT,9)OUlSSEGL gggggg 338: i
300 CONTIN . . _ gggg;g 0000
N o
SRR 53890 0000

N ®
EU%ROUTINE MUCKLD(A,B,CNP,SHAFT, TRDATA, NTSMAX, NSSMAX , NPMAX , NSMAX, 053900 0000
INTRNAX) 253905

¢
€  cmmmmcmmcmecmeem—m=m——remme—————eessesec—cem—m————me——————om——mee 053920 0000
¢ CALCULATES REQUIRED MUCK LOADING RATES IN EACH SEGNENT A 253930 0000
¢ MAXIMUN RATE IN EACH REACH OR SHAFT BASED ON ULTIMATE ADUANCE RATE 983940 0606
PSR 00bus s o  hg g it Gt o b 953950 0000
€ mmmmcemmemmem—eememe———cecem————smeseeemcmemmmm—emee—e—m oo em—me 053960 0000
COMMON /BASIC/ NSS,N 253970 0000
DIMENSION A(NTSMAX, éB) BINSSMAX, 43),CNP(NPMAX,2),SHAFT (NSMAX,23), ©5398¢ 0000
1" TRDATA(NTRMAX,23) 053950 0000
------------------------------------------------------------------ 954000 0000
¢ MUCK LOADING RATE IN TUNNEL SEGMENTS AND MAXIMUM RATE IN REACH 054210 2020
DO 49 NREACHs1,NTRMAX 054020 0000
IF (TRDATA(NREACH,1).LT.-10.E29) GO TO 400 254030 0000
¢ 054040 0000
HOURS»TRDATA (NREACH, a) 254050 0000
NRSEG1 «TRDATA (NREACH, 5 954060 0000
NSEGS=TRDATA (NREACH, &’ 054070 0000
NSEGSA=1ABS (NSEGS ) 054080 0000
254090 0000
RMLMAX *@ 254100 2000 .
054110 0000 ,
DO 300 Ie1,NSEGSA 054120 0000
NeSEQUENCE NUMBER OF TUNNEL SEGMENT 054130 2000
IF(NSEGS.GT.Q) NeNRSEG1+I-1 054140 0000
IF(NSEGS.LT.@) NeNRSEG1-I+1 054150 0000 .
NTSTYP=A(N, 16) 054160 0008
IE (NTSTYP.£G.3) GO TO 300 954170 0000
MEXeACN,? 254180 0000
VAN 81 054190 0000 ;
ARTULF=A(N, 49) 254200 0000 ‘
¢ CALCULATE “MUCK LOADING RATE 054210 2000 ‘
IF(MEX.EQ.1) GO TO 200 954220 0000
RML=3. XUXARTULT/HCURS 954230 0000 :
GO TO 250 854240 0000 )
200 IF(S5.THOURS/ARTULT.GE.2) RMLsS,xy 954250 0000
IF (5. KHOURS/ARTULT.LT.2.) RML=2.RUXARTULT/HOURS 954260 0000
35@ IF(RMLMAX.LT.RML) RMLMAXeRML 05427¢ 0000
A(N,48)eRNL 954280 0000
300 CONFINUE 954250 0000
¢ 054360 0000
366 TRDATA(NREACH,7)*RMLMAX 954310 0000
400 CONTINUE 95432¢ 0000
¢ e e — c—rmmememane 054330 0000
¢ MUCK LOADING RATE IN SHAFT SEGNENTS AND MAXINUM RATE IN SHAFTS 054340 0000
DO 800 NSHAFTe1,NSMAX 054350 0000
xr(sunrr(nsuarf 1).LE.-10.E29) GO TO 89¢ 054360 0000
¢ 054370 €000
HOURS e SHAF T (NSHAFT, 17) 054380 €000
]

(Continucd)
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COSTUN Listing

NSSEGL=SHAFT(NSHAFT, 1)
NSEGSoSHAF T (NSHAFT, 4)

RALMAX=$

DO 708 -
Nel-1+NS
n-u:eusnc:
CHECK FOR cur AND COVER OR
ntx-l

<n£x Eo.o) GO TO 700
A
hﬂSUL*-)(N
IF (REX.EQ. !) d6 To 600
RMLoS, xuxaasULr/uouas
GO YO 656

6"‘!08

UMBER OF SHAFT SEGMENT
OR DUMMY SHMAFT - NO RML COMPUTED

(Cont inued)

13
IF(S.XHOURS/ARSULT.GE.12.) RMLe5.2U/6.
IF (5. XHOURS/ARSULT.LT.12.) RNL2.3VXARSULT/HOURS

IF (RMLMAX.LT.RAL) RMLAAXSRAML
B(N,37)eRAL
CONFINUE

SHAFT (NSHAF T, 10 ) =RMLMAX
CONTINUE

RETURN

END
SUBROUTINE hIRLOK(h, »CNP,SHAFT, TRDATA, CUNSL , NTSMAX , NSSMAX , NPPAX,

INSMAX , NTRMAX }

B e T T e e N L LY ]

TNIS SUlROUTINE DETERHINES THE LOCATIONS OF AIR LOCKS ﬂND COOLING
PLANT IN A REACH AND COMPUTES THE COOLING AND VENTILAT]
REOU!REHENTS OF TUNNEL SEGHENTS AND MAXIMUM REOUIREHENT IN R REACH

COMMON /BASIC/ NSS

DIMENSION A(NTSHRX.&SJ BUNSSMAX ,43),CNPINPNAX, 2 ), SHAFT(NSHAX,23),

1 TRDATA(NTRMAX, 231, cUmEL (NPRAX)

- - - " -

DO 209 Je1,NTRMAX
IF (TRDATA(J 1 LT.@) GO TO 200
1sHAPE=TRDAFAR(J,3)

IF (1SHAPE. Ea o) G0 TO 200
INITIALIZAT

uasscx-rana n(J
Nsecs-rnonrncJ.é

NSHAF T»TRDATA(J, 1)

DTCe0.

GTeo.

QIRTEH oSHAFT(NSHAFT,11)
nsegsa-:anscnssos)

DTCA=D.
CAUTe0,
Me@

Niay
NPBS=SHAF T (NSHAFT,3)

- - - —— -

(Continued)
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10

5¢

¢

CHECK
7. IF(AIS(CUHSL(H-l)‘CUHSL(NPREND)) GT.SOOO..QND
1 ADSCCUNFCA-CUMSL (NPREND)),GT.2€00.) GO T L4
CHECK THE STATIOMING OF THE SEGMENT END POXNT TO DETERMINE THE L

COSTUN LListing (Cont inucd)

HHoSHAFT (NSHAFT, ) 954960 0900
NPLOCK*0 ' 054970 0000
e SHAPE .€Q.1) $FA<9.785 064580 €000
) e it it

R 1
DETEANINE THE STATION'OF THE FARTHEST  POINT OF COMPRESSED AIR 065018 0000
EGNENT IN A REAC 955620 0000
0 50 Nei uszasn 055030 0000
F(NSEGS.LT. @) 055040 0000
1 N RO ENCE hURDER 0F SEGRENT 955058 0000
TeNRSEGL+N=1 966068 000
NPFEND=A(I,3) 06507 00«
G0 T0 20 955080
TeNRSEGL-N+1 955090 0000
NPFEND=A(I,2) 255100 0009
RSTABeA(I, 31) 265118 000
TSEGL=A(I,45) 955120 0000
IF(MSTAB.NE.1) GO TO Se@ 955130 0008
DTCA=DTCA+TSEGL 55140 90
CUMFCA=CUNSL (NPFEND ; 955150 0003
CONTINUE aSige o0ee
----------------------------------------------------------------- 065170 oeee
DETERMINE THE LOCATION OF AIR LOCK FOR A SEGNENT IN COMPRESSED AIR 855180 o0
DO 100 Ne1,NSEGSA 955190 0008
IF (NSEGS. tv.a) GO TO 6@ 255200 0000
TeNRSEGL 055210 0000
NPFEND-A(I,3) 55220 2000
NPREND=A(1,2) 055230 2000
NPSeA(l,17) 055240 0000
0 10 66 055250 0000
TeNRSEGL-N+1 055260 0000
NPFENDeA(1,2) 955270 0000
NPREND=A(1.3) 255280 0009
NPSeA(I, 18) 055290 0000
n:-a(‘,é 055300 0000
PHoA(1 87) 955310 0000
TSEGL=A(I,45) 955320 9000
DMeA(I, 46 955330 0000
RTEMP=A(I,12) 055340 2000
MSTAB=A(1.31) 055350 900@
IF(MSTAB.RE.1) GO T0 8S 255360 9000
PERMeA(],25) 955370 0000 :
D10=SGRT({Q.SABS (PERM) ] 955380 0000 |
IF(D10.LE.9.005) D10+0.005 e5539¢ 0000
------------------------------------------------------------------ 05540 9000
MeMoy 055410 9000
COMPUTE UENTILATION GQUANTITY FOR THE SEGMENT IN COMPRESSED AIR 055420 0000
CAU=(28.5+10.1AL0G10 (D10 ) JXSFATBEXXS 955430 0000
CHECK THE FIRST CONPRESSED AIR SEGMENT 055440 0000
IF(R.NE.1) GO TO 79 9565450 0006
CHECK IF COOLING PLANT FOR FIRST RIR LOCK 10 BE MOVED FROM 055460 0000
SHAFT TO ABOVE THE LOC 055470 9000
Iz(¢l8$0UﬂFca-CUHSL(NP)s))oHM .LE.12099. .AND.DTC.GT.9.) GO TO 75 65480 009

5
SEPARATION BETUEEN TWO COMPRESSED ARIR SEGMENTS gg 3602 ;

5

5

(Continued)
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COSTEN Listing (Cont inaned)
c POSITION TME nlk Locx 965348 d¢0Q ‘
LOCK=IADS 2565508 90068 '
i?(. (CUHSL(NPFEND)-CUHSL(LOCK))4DT~L0K.LE 18000.) GO T0 89 0655608 0020
F(A (CUHFCA-CUHSL(LOCK))+DTHLOK.LE 12000.) GO TO 8@ @85587¢ ¢eee
c STORSEI T EXCHANGE AND COHPRESSED AIR QUANTITIES LITHIN 955580 093¢
c 2 Sgﬂ! lssED AX! SEGMENTS. 823»88 20008
aN= o
: ! DO 72 NNeNi, N2 055612 2000
i II=NRSEGL+(NN-1)ENSEGS/NSEGSA 955620
: ACIT, 36)eCAUT e5583¢ @620
72 AL11,37)QT 055640 e
NisN 965650 -]
‘ CAVTe=0. 955660 @000
K00L»1 056670 @0ee ‘
{ KOOL « INDICATOR FOR THE LOCATION OF COOLING PLANT 255680 0000
x QT-0. e55690 0oee
' c SET UP THRE LOCK 055700 0000
! 7S NPLOCK<NPREND 955710 o000
DTHLOKeCNP(NPS, 2 )-CNP (NPLOCK, 2 055720 Q000
DLOCK-alS(CUHS[(NPLOCK) CUMSf(NPBSl) @S5732 Q0eo
[ COMPUTE THE LENGTH OF PIPE FOR COQLING IN COMPRESSED AIR SEGMENT Q55749 0000
8@ IF(KOOL.EQ.Q) PUMPLT=5280.XDMeHM 055750 0000
IF(KOOL.EQ.1) PUMPLT=5280.xDM-DLOCK+DTHLOK 955769 0000
C NPLOCK = NEGATIUE IF COOLING PLANT OF FIRST AIR LOCK MOUED FROM Q55770 200¢
¢ SHAFT TO TOP OF LOCK 055780 0000
If (KOOL.EG.1.AND.MN.EG.1.AND.DTC.GT.D.) NPLOCK=-NPLOCK 0S579Q 0000
g ggMFgTE THE QUQNTITY of COOLED AlIR REQUIRED IN COMPRESSED AIR 2223?8 gggg
QeCAUX(74.00+0,031XPUMPLT )+SQRT(CAV )XPUMPLT 05582¢ 0000
1 %(0.23+0.0454x (RTEMP-85. ) )+239. XPUNPLT 955830 0000
IF(CAV.GT.CAUT) CAUTeCAV 055840 0000
MaNPFEND 05585¢ @000
GO TO 90 955860 0000
--------------------------------------------- 85587¢ 0000
COMPUTE GUANTITY OF COOLED AIR REQUIRED IN FREE AIR SEGMENT 055880 0000
85 IF (KOOL.EG.1) DMeDM-DLOCK/5280. PS5850 0000
o-sraxssxxaztise 2PH /(AIRTEH0460 )+0,2335280.3DN+54. XAIRTEM 0559020 0000
1 -4099. )*SEBO !DH!SORT(SFR!BE:!E)!(O ISAIRTEMP-29., )+2.4%DM5280. 055910 €000
90 IF(G.LE.®.) GO TO 85 255520 08900
DTC-DT C+TSEGL 055930 Q000 j
IF(Q.GY.0T) QT«Q 055940 2000 :
c STORE THE LOCK POSITION AND HEAT EXCHANGE QUANTITY 055950 eee0 F
$S A(L,38)» Q55960 0000 f
ﬂtI 38)-NP 0CK 055970 0000 :
c 6K THE LAST SEGMENT IN A REACH 055980 0600 p
IF (N NE NSEGSR) GO TO 100 055990 0000
Do 056000 €000 |
I1eN RSEGi#(NN-i)tNSEGS/NSEGSﬁ 956010 0000 g
ACII,35)C 256020 0000 ;
93 A(! 3 )-GT 056030 0000 ;
100 CONTINUE 256049 0000
TRDATA(J,14)«DTCA 256059 2000 y
TRDATA(JS, 15 )=DTC 956060 0000 .
[ E 256070 00¢e

800 CONMT X U
RETURN

SUgROUTINE CALCS (A,B,CNP,SHAFT, TRDATA, NTSMAX ,NSSMAX , NPMAX , NSMAX, :gg::g e

(Continuced)
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COSTUN Listing (Continoed?

¢ .- -- 056110 0009
¢ THIS SUBROUTINE OUTPUTS CALCULATED TUNNEL AND SHAFT DATA 086120 0000
Sttt ittt Sttt AR A -~ 086130 0000
¢ ONON” /BASTC/  NSS,N ) A o HHTE R
/ /
§8==§N ‘ xsnkLI nn;on LIST(40), TITLE(160), STABEG, ITYPE 9Séica doge
/F7
DIMENSION A fsnax 68, BINSSMAX, 43), CNPNPRAX, 2 ), SHAFT (NSMAX,23), Q@S6180 0000 |
1T ROnTA CNTRNAX. 33 026190 0000

5
!ltﬂlll!llt!ltlitl!!lllll!!lt!l!llll!lt!l!!tt!lll!t!!ll!!l!l!!llll 256200 0000

c REFER TO COMMENT ON DOUBLE PRECISION LITERALS IN SUBROUTI E 4 056210 2000
DOUBLE ?RECISION TNONE ,AIRPRS ,DEUATR,GRDINJ,SUMP,STABIL
ll!ﬂtl!t!ltl!tl!ll!!!!i!!tlll!lll!tll!t!lllt!l!lll!l!lltll!l!*llll 056230 Qe
DATA TNONE/’ NONE '/, AIRPRS/‘’AIRPRS’/,DEUATR/‘DEWATR 256240 o0eo

$GRDINJ/ *GRDINJ* 7, sumb/* "sUMP '/ 25625¢ 0000

¢ - A 056260 0000

¢ 256270 0000

¢ OUTPUT CALCULATED TUNNEL DATA 256280 0900

¢ 056290 0000

ITYPE~1 056300 0000

NLINES rs 056310 0000

IPRe 956320 0000

¢ N-SEGHENT SEQUENCE NUMBER 056330 0000

DO 100 Nei,NTS 256340 0000

N INESeNL IRESS1 056350 0000

IF(LIST(4).EQ.1) GO TO 1@ 056360 0900

IF (NLINES.LT.40) GO TO 1@ 056370 0060

NLINES+@ 056380 0000

WRITE(LO,300@) 056390 0000

WRITE(LO,3010) 056400 0000

10 NRERCH=A(N, 4) 056410 0000

NPLeA(N,2) 056420 2000

NPReA (N, 3) 256430 0000

RTSEG=AIN,1) 056440 0000

BE= A(N,3 056450 0000

NESTER oA, 1 956460 0000

TFCNToTer E6°3) GO To 40 956470 0000

¢ - - -- 956480 0000

1SHAPETRDATA(NREACH, 3) 956499 2000

MTM=TRDATA (NREACH, 4 256500 0000

HSLOPE=A(N,47) 956510 0000

IFCMTM.NE. D) GO TO 20 056520 0000

¢ CHECK FOR MAXIMUM SLOPE FOR TRAIN 956530 0000

IF (ABS(HSLOPE).LE.Q.05) GO TO 30 956540 0000

URITECLO, 1620 ) NTSEG, NREACH 956550 0000

NLINE -nt 956560 0000

1ERR 956570 0000

° 956580 0000

20 SPRIMNE.1) GO TO 30 95659 0000

¢ pa - 056600 9000

¢ CMECK FOR TUNNEL CROUN HIGH ENOUGH TO MANDLE A TRUCK 056610 900¢
IF(ISHAPE.LE.2.AND.BE.LT.16.) GO TO 25 956620 009¢ 1

IF C1SHAPE . £0. 3.AND. BE.LT.36.) G0 T0 28 956630 9000

30 10 3¢ 056640 0000

26 WRITE(LO,1021) NTSEG,NREACH 056650 0000

NLINES=NLINES +1 956660 0000

1ERROR =1 056670 9009

30 CONTINUE 956680 00990

(Continued)
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COSTUN Listing

(Cont inucd)

SLOPE FOR MUCK MAUL
360 TC 38

By TRUCK OR CONVEYOR

TSTYP. EO)I)

$

¢ 0_T

(HUST.LT +3.0R. MTH NE 1) GO TO 35
1

INE

TECLO 1025) NTSEG,NREACH
s-N£

NTINU

R UaEE LT, 3. AND. MTH. EO.
IF(MUST.LT.3.AND.MTN.EG
TRDATA(NREACH, 4 ) sMTA

CONTINUE
IF(LIST(4).EQ.2) GO TO 70

I E(L0,1030) NTSEG,NRERCH

CONVERT NODMi. POINT STATIONING TO INTEGER VALUES

§TASCNP(
15TASTA/10 6
:sraa-STa-xsrnxxoo
ITENS=1STA2/10.

INUNS» 1STA2-ITENSX10
INUNS»IABS ( THUNS )
ICTTS-A(N 50)

LSEGL=A(N. 45)
IPRHL-TRDATA(NREGCH '3
IFLeACN,59)

IPHeA(N.§7)
BOBAIN,42)
ARTULT-A(N 49>

TLeACN, 11)%
:ST-TRﬁaTh(NREACH 2)

EXC&UQTED VOLUNES
USQIL-0

M
CUT AND COU
DTRNCHeA(N
NPLS<A(N, 15)
NPRS=A(N. 1)
SIDESL=A(
connurs ru& DEPTH OF ROCK
‘ESBS% itcupcnpts 2)4CNP

. )+CNP(NPRS, 2) )
Euoc(-EL ELROCK

I nd

"

-~

z

>

p
‘”M—‘OD

COMPUTE THE EXCQUQTED VOLUME IF CUT IS ENTIRELY IN SOIL

(Continued)

gEaK SOFT _GROUND TUgNEk FOR ALL TRUCK IN COMPRESSED ﬁIR SEGMENTS

966650 8000
266700 0020
5671¢ 093¢
95672¢ 0000
956730 o000
674C 2000
6750 0000
956760 0000
66770 0000
256780 0000
e5679¢ 0000
6804 @800
6810 0000
6820 0000
6830 0000

057850 000
067260 oo0e




COSTUN Listing (Caontinmed)
VhOCK 0. 957272 €000
usoxL-<l:¢nancnxsxn:sn):ntnncu/zv. 057280 0000
1F (ROCK _GE . DTRNCH) 00 TO €0 057290 0000
CONPUTE THE EXCAUATED UOLUME 1F CUT 16 IN PART SOIL-PART ROCK 067360 @200
UROCK » BEX ( DTRNGH-DROCK 1787, 957310 0000
usoxL-(lsonnocx:sxo:SL):onocxzav 057320 0200
60 IUTRSUROCK 057330 0000
1UTSeUSOIL 057340 0000
- ceemmemcccmcascccmciccacmmcacnsanann 257350 0009
!F(NTSTVP.EG.:) GO TO 70 057360 0000
1suPPTeA(N, 2 257370 e0ee
GAMMACACN, éa) 257380 0200
PERM<ABS(A(N_25)) 057390 0000
xFLouL-n<u,s{> 057400 0000
STABNGeA(N} 3 057410 0000
IF(NTSTYP. éo 3) G0 70 65 257420 2000
cmememacadc i sseecasasmmeesesm—seeeseeesseseeessoeeeceecassonsesn 257430 2000
SOFT GROUND TUNNEL 057440 0000
AIRPReA(N, 33 057450 0000
MSTAB=A(N,31) 257460 0000
IF(MSTAB.£Q.0) STABILeTNONE 257470 0000
IF(MSTAB.EG.1) STABIL-AIRPRS 057480 0000
IF(MSTAB.EG.2) STABIL<DEUATR 257450 0000
IF(MSTAB.EQ.3) STABIL<GRDINJ 057500 0000
T0 257510 2000
B ot T TR 057520 000@
CUT AND COUER 257530 0000
65 UL *A(N,5S 057540 0000
STDESLoRIN.53) 057550 0000
USLLS-A(N 8) 057560 0000
LURY-O é 057570 0000
SPDLT+0.0 057580 0900
STABIL=TNONE 057590 00060
IF(IFLOWL.GT.@) STABILeSUMP 057600 0200
1F(IFLOUL.GT.9.AND, UELLS GT.0.9) STABILsDEWATR 857612 0200
OPEN=TRDATA (NREACH., { 057620 0200
utncex-rnnATA(nasaén 22) 057630 0. 00
UIACDS-TRDRTA(NRERCH 23 957640 0000
VeA(N,51) 257650 0000
UBOX=A(N, 54 @57660 0000
iacer-(unacsxoU|acns)x(u -YBOX)21.1 257670 0009
CHECK IF SEGMENT IN SAME REACH 057680 0009
70 IFC(IPR.EG.NREACH) GO TO 85 957690 0000
€ | mmmmmm el R el cemmmmrem—————— 057700 2000
¢ CALCULATE CONSTRUCTXON TIME FOR THE REACH (CTR) 057710 0000
NSEGS=TRDATA (NREACH, 6 ) 957720 0600
NSEQSA=1ADS (NSEGS ) 057730 0000
NOURS = TRDATA ( NREACH, 8 057748 0000
DAYS«=TRDATA(NREACH, b 957750 0000
R<9.0 057760 0090 ]
ALOCKs®.0 057770 0066
CTRe0 957780 0000 {
MEXP <0 957750 0000
SETUSH=0.0 957808 0000
SETUPM.0.0 €57812 0000 3
SETUPR<.0 967820 0000

(Continued)




COSTEL b it ine (Coatinucds

. 57838 0200

i TINEDY c.o o
TINECR=9.9 257848 0000
L, st st

? NSEGSA

Rﬂ.nff-’ 1,NSEGS 857870 0000
CTTS=A(NN,S0) 957880 0000
MEXSA(NN, 2) 857890 0000
702 1FMEx.GE.6) GO TO 705 257500 2000
¢ SOFT GROUND OR ROCK TUNNEL 957910 0000
CALL SETUP(MEX NEXP, SETUSK, SETUPM, SETUPR, ITYPE) 067920 0000
IF(I.EG.1) NPLOCKeATN 3) 257930 0000
15 CACRR 360 EG 8) 60 %3 730 857940 0000
¢ cALCULATE NUNDER OF AIR LOCK SETUPS 257950 2000
IFCALOCK.LT.1.) GO TO 703 057960 0000
IF (ACNN,36), so NPLOCK) GO TO 730 957972 0000
aLocx-aLécx¢ 0.2 057980 0000
6o T 0579350 0000
293 aLo 058000 0000
704 NPLOCK-A(NN 36) 058010 0000
G0 TO 730 058020 0000
€ mmmmmmm e cceeececemeeemc oo ----- Q58030 0000
¢ CUT AND COVER 058040 0000
705 ELUATR sA(NN,14) 258050 0000
DLOsA(NN, 19) 058060 0000
IWATER=AINN,23) 058070 2000
ELIMPeA(NN,£4) 058080 0000
PERM=A(NN, 25) 858090 0000
rLouL-n(uN,sxa 258100 2000
NPLSeA(NN,17) 058110 0060
NPRS=A(NN. 18) 058120 0000
DTRNCH=A (NN, 52) 058130 0000
ELROCK=ACNN, 27) 958140 0000
ELNPLS=CNP(RPLS, 2) 058150 0000
ELNPRS=CNP (NPRS . 2 058160 0000
¢ CALULATE THE Exfnn CURING TIME FOR CIP CONCRETE 058170 0000
IF(L LT.G) GO TO 708 958180 0000
fiMe 958190 0200
!F(NSEGS GT.9) MMeN+NSEGSA-1 058200 0000
LININGeA(MM. 1) 958210 0000
IF(LINING. 56 1) 60 TO 707 @58220 0000
CTR-CTR+C 25823¢ 0000
¢0 TO 708 058240 0000
707 TIMECR=30.-CTR 05825¢ 0000
IF(TIMECR.LT.0.) TIMECR»9. 058260 0000
Le-t e5827¢ 2000
708 IF(D10.LE.0.005.0R. :uarsn EG.9) GO To 730 058280 0000
IF (PERM.GT.9.0.AND.D10.GT.0.08) GO TO 789 058290 0000
IF(PERM,LT.0.0.AND. nBS(PERnJ.GT e. eoos) co TO 709 058300 2000
TIMEDWs30. e58310 0090

G0 10 730 @58320 0000 ‘

709 ELSURFe@. SI(ELNPLS#ELNPRSJ 058332 2009 1
DUATER-ELSURF -ELUA 058340 0000
DRAWDN=DYRNCH- nunrsa 958350 0000

DROCK-ELSURF ~ELROCK 068360 0000 ]
PERN=ARS (P 958370 0000
1F (DROCK. LT nrnncu AND. ISUPPT.EG.S) co T0 73 058380 0000

¢ CHECK IF WATER TABLE |£Lou BASE OF ¢ 958390 0008 -

IF(DRAUDN.LE.8.3 GO T 058400 000¢ 3

(Continued)
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COSTUSN b e tdont fanedo

DIMPSELSURF=LIMP-DTRNCH 958412 2000

¢ CHECK IF IMPERUIOUS LAVER ABOVE BASE OF CUT 058432 0000
IF(DIMP.GE.0.9) GO TO 710 958430 00Q2
oanunn-ELuarn —ELIMP 956440 0000
DIMPeo 055458 0009

719 HEADU-~7 SCALOGIQ(PERM)+1. 058460 0000

¢ CHECK IF UACUUM HEAD QREATER THAN 21 FEET 258470 00€0
IF (HEADU.GT.21.) HEADU=21.0 958486 0000

¢ CHECK IFUACUUM WEAD LESS TWAN @ FEET 058490 0000
IF(HEADU.LT.9.0) HEADU=0.9 858500 0000
HEADeDRAWUDN+HEADU+DIMP 058510 20002
PIPED+@.5xF LOULXED. 4 958520 0080

¢ mINIMUM PIPE SIZE 95853 000
IF(PIPED.LT.1.) PIPEDe1. 258540 0000

¢ DRAWDOLN TIME 958550 0000
EXPTe2.5¢DRAUDNEALOGLE (240. X (HERD-SQRT (HEADXDIMP ) ),PIPED /1 JRALDN 058560 0000

L +HEADV 17 (2. 73+@. 27K ( DRAUDNSHEADL ) /HEAD -6 . 9 258576 0002
TIMET=0.80267%PIPEDXX2X10. . XAEXPT/PERM/DRALDN QSE580 20802

¢ CHECK FOR MAXIMUM SEGMENT DEJATERING TIME IN REACH 958590 0000
IFCTIMEDW.LT.TIMET) TIMEDUSTIMET 258600 2000

730 ICTR=ICTR+CTTS 058510 @000
1CTRICTRe 4. RSETUSH+28 . KSETUPM+7 . XSETUPR+1 4. XALOCK 958620 0000

T SO thuuib el ouiututut st A et RS 958630 0000
¢ CHECK FOR CUT AND COUER REACH 258648 0000
NTSTYPeA(N , 16) 958650 0000
IF(NTSTYP.EG.3) GG TO 740 058660 0000
TRDATA (NREACH, 10 ) s SETUSH 958670 2000
TRDATA(NREACH, 11 )sSETUPM e5868@ 0002
TRDATA(NREACH, 12)=SETUPR 958690 0000

GO 70 750 258700 2000

740 ICTReICTR+7@./DAYS+TIMECR+TINEDY e5871¢ 0000
TRDATA (NREACH, 14)=TIMEDY 958720 0000

750 IFCLIST(4).EQ.1) GO TO 100 958730 2000
WRITE(LO,2282) 258740 00e0
NLINES=NLINES+1 058750 0000
IF(NTSTYP.EG.1) GO TO 73 858760 0020
PERMeABS(A(N, 25 ;) 258770 0000
GAMMAsA(N,22) 2587890 00¢0
IFLOWL=A(N,61) 058790 0000

73 CONTINUE 058800 0000
------------------------------------------------------------------ 258810 0000
IF(NTSTYP.EQ.3) GO TO 80 058820 0000

¢ ROCK OR SOFT GROUND TUNNEL @S8B30 0000
WRITE(LO,3001) NREACH,NTSEG,ISTA, ITENS, IMUNS, LSEGL srT.se.noa,aR 258840 0000
1ARTULT, 7L, IUTS, TUTR .er 16w, 1c4Ts, 1CHR, IPRAL, HOURS, 958850 0000
IF(NTstyP EG.10 6o TO 1 058860 0000

(Continued)
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ConttUN Disting (Continacd)

T T — ik
¢ SOFT GROUND TUNNEL
IF(M§TAB.NE.{) GO TO 78 58880 000
¢ AIR LOCK NODAL POINTS 258900 2900
NPLOCK=A(N, 36) 958910 2000
sTascne (NPLOCK, 1) 258920 2000
15TA=S 9. 258930 2000
187AZ=5TA- [STAX100 258940 000
ITENS=ISTA2” 1 958950 0000
IHUNS1STAZ- xrsusx1o 058960 200
IHUNS=1ABS( IH 258970 @000
ggg;stno 3ooa> ISTn LTENS, IHUNS, STRBNO, STABIL, AIRPR, IFLOWL, GAMMA, gggggg 29
1
NLINES sNLINES+S 059000 0000
GG TO 100 059010 2080
¢ AIR Pnzssuns NOT U 259020 2000
76 WRITE(LO,_2002) sran~o STABIL, IFLOWL,GAMMA, PERN 259030 2000
NLINES-NfINES#i 059040 0000
G6 10 259050 2000
¢ g M 259060 2000
CUT AND COVER 055070 0000
80 URITE(LO, 3004) NREACH,NTSEG,ISTA, ITENS, IHUNS,LSEGL,AR,ARTULT, IUTS, 069882 0000
1 IVTR, IPH,ICTTS, ICTR,HOURS, DAvs 059098 2000
1F(ISUPPT EQ.5)  SPDLTeACN, 38) 059:00 @000
IF (ISUPPT.EQ.6) DSLURY=A(N.3 eS9i1e 0900
WRITEC(LO,3905) STABNO STasiL IFLOUL GAMMA, PERM, UL, BE,SIDESL, 059120 0000
1DSLURY, sﬁnLT BACKFL, OPEN 259130 @200
NLINES-NL NES+( 259142 2000
0 10 059150 2000
£  mmemmemcmeemesmmcs s em—e e em e em—ce—mmeecmem—cememem—e- 259160 2000
¢ TMIS SEGMENT IN SAME REACH AS PREVIOUS SEGMENT 059170 @00e
85 IF(LIST(4).EQ.1) GO TO 100 253180 0000
WRITE(LO,2150) 259190 deee
NLxNEs-utznssoz 259200 3000
----------------------------------------------------------------- 959210 @000
IF(NTSTYP.EG.3) GO TO g 059220 0000
c ROCK OR SOFT GROUND TUNNEL 059230 0000
URITE(LO, 3011) NTSEG 1srn ITENS, IHUNS, LSEGL, BFT, BE, BOB, AR, ARTULT, 059240 0eee
1TL, 1VTS, SUTR, IFL, IPH, ICTTS 059250 0290
IFINTSTYP.EG.1) GO 76 100 059260 0000
€  memmmmm e eaeeeeemeceemeemeeeeeemeee——aeseaeee 959270 2000
¢ SOFT GROUND TUNNEL 055280 0000
: IF(MSTAB.NE.1) GO TO §2 959250 0000
! ¢ AIR LOCK NODAL POINTS 959300 0000
NPLOCK<A(N, 3 959310 0000
swa-cun<nptocx e 259320 0000
15TAsSTA/10 85933¢ 0000
18TAsssTA. 16708100 959342 0000
ITENS=15TA2/10 959350 0000
THONG=167A5-1 TENS 310 959360 0000
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CONTUL Tt ras 0ot e

THUNS = TABS ( THUNS 069370 0002
ggg;ttLO.SOOEJ xsra ITENS, IHUNS, STABNO, STABIL, AIRPR, IFLOUL, GAMMA, 323332 2888
1

NLINESNLINES+) 069400 8000
GO T0 1 055412 0000
¢ AIR PRESSURE N 055420 0000
9¢ URITE(LO aooa) sranno STABIL, IFLOUL, GANMA, PERN 955430 2000
m_mg oN L 059440 2000
GG 10 055450 0000
€  weememmecesmcccmcmeccc—eeccecaeecceecec-mmsmeessesssasessm-eeses-ae 069460 0003
CUT AND COUER 069472 0000
96 URITE(LO et NTSEG, ISTA, ITENS, IHUNS, LSEGL, AR, ARTULT, IUTS, IUTR, 059480 0000
1IPH, ICTTE 055450 0000
IF(ESUPPT.E€G.5) SPDLTAC(N,38) 959500 0000
IF(ISUPPT.EG.6) DSLURY=A(N;38) 959510 2000
JRITE(LO, 3018) srasuo staBiL, IFLOWL, GAMMA, PERM, UL ,BE,SIDESL, 059520 0000
1DSLURY, SPDLT,B 055530 0000
annes-nvx~s§»x 055540 0000
100 IPReNREACH 959552 0000
IF(LIST(4).EQ.@) WRITE(LO,2222) 059560 0000
G T e e e e oo 259570 2000
¢ 059582 0000
[ QUTPUT CALCULATED SHAFT DATA 259590 0009
¢ 955600 0000
IF(LIST(S).EG.1) GO TO 300 959510 0028
1PS»@ 959620 0@ee
ITYPE«2 959638 2000
NLINES =40 959640 2000
DO 200 Na1,NSS 959650 0000
NLINESNLINES+1 959660 0000
IF(NLINES. LT.40) GO T0 102 959670 0009
NLINES*9 959680 0000
WRITE(LO,2000) 959690 0000
WRITE(LOC,2010) 959700 0000
102 NSHAFT<B(N,1) 955710 0000
NSSEGsB(N,2) 959720 0000
BE=B(N,29) 259730 0000
80BB(f,32) 855740 0000
ARSULT=B(N,39) 955750 0000
IPRHL-SHan(NSHAFT 10) 959760 0000
ICTSSB(N, 4 25577@ 9000
1~ns-saar+<~saa¢r $)20.00003 955780 0000
LSEGL=B(N, 35) 85975¢ 0000
NPBsB(N,4) 059800 9000
IELNPB=ENP(NEB, 2) 059810 0000
TLeB(N, {Hua. e5982¢ 0000
ReB(N 859830 0000
NPORT-éaarvtusnnrt 23 259840 0090
NSSTYPeB (N, 16" 059850 0000
€ mmmmem e e e e @59860 0000
¢ excaunTso VOLUMES 059870 0000
UROCK #0.0 05988¢ €000
IR TH 029900 0060

xr:nsérva EQ.1) UROCKsUY 059819 00
§sénsSTvP .EG.2) USOILeU 3333%3 (44
Rey 4
zuss-usoxL 055540 9000
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C  cecemsmememmmccmcccecmceccememmcmmesse-meseea;eescmceeec-eceso-a-e 259950 000
IF (NSSTYP. EO 1) 60 10 110 259960 2000
GAMMACB (N, L 059370 0030
nsnn-n)s<i<~ 259980 dea0
IF (NSSTYP.EQ" 83 co 10 110 059950 0000

¢ SOFT GROUND SHAFT 060000 0000
AIRPReB(N,27) 060010 9000
IFLOWL=B(N, 42) 260020 0000
STABNO=B (N 24) 260030 0000
MSTABeB(N,S5) 060040 0020
IF(MSTAB.£G.2) STABILeTNONE 060050 0000
IF(MSTAB.EQ.1) STABIL-AIRPRS 060260 0000
IF(MSTAB.EQG.2) STABIL«DEUATR 060070 0e0e
IF (MSTAB.EG.3) STABIL+GRDINJ 060080 0000

S et iientetniibeint USRS TSP SR 260050 0ede

¢ CHECK IF SEGMENT IN SAME SHAFT AS PREUIOUS SEGMENT 260108 0008

110 IF(IPS.EQ.NSHAFT) GO TO 160 260110 Q000
CONVERT STATIONING OF SMAFT TO INTEGER UALUES 0601Ze 0000
NPTSeSHAFT (NSHAFT,2) 060130 ¢eae
NPBSsSMAFT (NSHAFT,2) 260140 0802
STA=CNP(NPBS, 1) 260150 0eed
18TA=STA/ 100" 060160 0002
1STA25TA-15TAR100 260170 000e
ITENS=15TA2/18. 260180 0000
IHUNS»ISTA2- ITENSX19Q 060150 0000
THUNS= TABS ( THUNS ) 260200 9000
BFS=SHAFT (NSHAFT, 7> 060210 0002

€ mmmmmmmmmma el e memccmsm e meeceee e 0608220 2000

¢ CHECK FOR PORTAL 060230 0002
IF(NPORT.EQ.Q) GO TO 112 060242 0000
URITE(LO 2200) NSHGFT ISTA ITENS, IHUNS, IELNPB, IADS 260250 0000
Go T 2602560 0000

oI R R S 060270 0000

¢ CHECK FOR DUMMY SHAFT 060282 2000

112 ISHAPS=SHAFT (NSHAFT 15) 060250 0000
IF(1SHAPS.GT.0) GO f0 260302 2000
WRITE(LO,2100) NSHAFT, xsra,zrens,zwuns,x LNPB, IADS 260310 0000
GO 1O 206 260320 909e

f  mmemmmcmmemme—ecmccecmmecmecmm— e mememmm e omesemeeee——eec—ene 060330 0000

¢ CALCULATE CONSTRUCTION TIME FOR THE SHAFT  (CTS) 060340 0200

115 NSEGSeSHAFT (NSHAFT, 4) 260350 0000
1CT5-0 060360 00080
MEXP=0 262370 0008
SETUSH«0.0 060380 0000
SETUPM=D, 960390 0000
DO 120 I={,NSEGS 060400 0000
NNeN+1-1 260410 0000
CTSS=B(NN,40) 260420 0000
NEX<B(NN,%) 060430 0000
NSSTYPsBINN, 1 260440 000¢

¢ SHECK FOR SHABT NOT CONSTRUCTED IN CUT AND COUVER 060450 00
IF(NSSTYP.NE.3) CALL SETUP(MEX,MEXP,SETUSH, SETUPM,SETUPR, ITYPE)  @60460 00

120 ICTS-ICT §+CTSS 260470

ICTSA1CTS+14, XSETUSH+28. XSETUPN 480 0008

o ot eputhnfiptuhomtdhtonf o SR S SRR S 069492 0000

13¢ URITE(LO,B222) 060508 000

NLINESeNL INES+1 0606.0 9004
NSSTYP-B!N 18) 969052 000
(Continucd)
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] COSTUN Visting (Continued) i
HOURS s SHAFT (NSHAFT, 17) 069539 2000
| A Ao O sests Soee ;
WRITE(LO Pad i> sHaET, NGSEG, 1STA, ITENS, IHUNG, TELNPD, LSEGL, BFS,DE, OGS0 0606 ‘
1nonﬁ fvﬁ ULT, 7L, TUgS IUSK, tads, $CTSS, 1CTS, IARML, HOLRS, DAYS :23333 sese :
& Ir‘r’sn OND SWAET ) ) IR
L]
¢ AR °.Ne.x) GO TO 140 960610 0060
C.  COMPRESSED USED 060620 0000
URITE(LO aeoa) , STABNO, STABIL, AIRPR, IFLOUL, GANNA, PERM 260630 2000
Nnxnss-nt 060649 0000
060650 0000
¢ 0 Lomeagsse 260660 0000
140 URITOCLO S068) sranuo.svanxn IFLOWL, GANMA, PERM 060670 0000
NLINESsNLINES+1 060680 0000
GO T0 200 060690 0000
€ meeeecmacemc—as cmmememmecmeceeecceemesancmeem——. 060700 0000

4 CUT AND CQUER 060710 00080
160 URITE(L0ﬁ2004) NSHAFT,NSSEG, 1STA, ITENS, IHUNS, IELNPB, LSEGL,BFS,TL, 060720 2000

unxté(Lotaoos> GAMMA, PERM 060740 0000

NLINESsNL I 962750 9009
6o T 960760 0000
- - 060770 0000
¢ THIS SEGMENT IN SAME SHAFT AS PREVIOUS SEGMENT 260780 0000
160 URITE(LO,2150) 060790 0000
NLINESeRL TNES 1 060800 0000
IF(NSSTYP.EG.3) GO T 060810 0000
URITE(LO, 2011 NSSEG IELNPB LSEGL, BFS,BE, BOB, AR, ARSULT, TL, IUSS, 060820 €000
1IUSR, 1CT§S 260830 0000
1P INGSSvP E0. 1) GO To 200 060840 0000
¢ - 960850 0000
¢ SOFT GROUND SHAFT 260860 0000
IF(MSTAB.NE.1) GO TO 165 060870 0000
¢ COMPRESSED AIR USED 260880 0000
WRITE(LO aoea) sranno STABIL,AIRPR, IFLOWL, GANMA, PERN 960850 0000
NLINESeN{IN: 060900 0000
GO TO 200 060910 0000
¢ NG COMPRESS 060920 2000
165 URITE(LO aooa) sranno STABIL, IFLOUL, GANMA, PERN 060930 0000
LxNEs-nt 060940 0000 :
ARG 060950 0000 ‘
¢ 060960 0000 ;
¢ CUT AND COUER 960970 9000
170 URITE(LO,2012) NSSEG,IELNPB,LSEGL,BFS,TL 060980 9000
WRITE(LO, aoos;  GARA A, PERN e6e99e 0000
NL:N:s-NL 061000 0000
20e I1PSeN 061010 9000
unzrszno Z222) 061020 0200
¢ 061030 0000
3e0 1F(IERROR.€0.8) RETUR 061040 0080
¢ FATAL ERRORS n:rscren UHICH MAY MAKE COST CALCULATIONS 061050 0000
¢ MEANIN GLESS. TERMINATE RUN AND GO'TO NEXT SVSTEM DATA DECK @6106¢ 9000
WRITE (10, 1083) 261070 0000
CALL Nexksrcno L 061080 0080
RETU 061090 €090
¢ --- 861100 0000
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COSTUN Listing (Continued)

061110 0000
¢ x:xtx:xnx:xxxxxtxxxux:xx::xxtxx:xxx:xxxxx:xxxx:xx:xx::tnxxxxx:x:xx 261120 0000
1020 ronnnrtz 36N FATAL. | HAUL SLOPE IN SEGMENT 15,9H IN REACH, 261130 0000
txc:zns ot NG e TEER FoR A TRAINS 061140 0000
1001 ronhnr(/ EXCAVATED DIMENSION IN szcnenv (JE;c In de1ice eeee
IREACH’ x& ’ xs Too naLL FOR A TRUCK,USE TRAIN OR CONVEVOR 261160 0000
1088 FORMATE /5 1%, 100C1HE ),/ 110X, ¢ EXECUTi N HALTED SFTERT suunouvxn: 061170 0000
1_cALcs DUk TS ERRORS 100 (1HX)) 061180 €000
10&3 ronnnr(/ FATAL ERROR, §LEPE O SEGMENT/, 15,/ IN REACH’, 061150 €000
asxne 6 § 26 PERCENT --T0O STEEP FOR MUCK LR haNSPORT nsTnooé con 22{5?3 ﬂggg
1026 ronnnr(/ * FATAL ERROR, ALL TRUCK MUCK TRANSPORT I¢ SPECIFIED In 261220 9990
SEGMENT®, 15, IN REACH’,I6,’ IN WHICH COMPRESSED AIR xs (UEED ") 261230 0000

1030, ronnar</' xakx nsnxun:a XXXX USE OF COMPRESSED AIR IN SEGMENT- 261240
IN REACH’, 1, ’ REQUIRES USE OF CONVEVOR-TRUCK TRANSPORT mET 261250 0000
Nob narnza'/aox,'+uan INPUT M THOD. ) 261260 0000
aooo ronnar<1n1 43(1H8) LCULATED SHAFT Da 061270 0000
146(1HX) 7/,  SHAFT Sec srarron ELEU ATCLENGTH SGHAFT nxnsusxonsx x 261280 0000

EIADUQNCE RATESXx LINING XEXCAV UOLUMEX SIZE OF CONSTRUCTION RML- 061290 0000

3 HOURS DAYS’/12X,“ALONG  BOTTOM  (FT) FINISH EXCAU EXCAU  AVER 061300 0000

4AGE UNIFORM THIEK  SOIL  ROCK DISPOSAL TINE (DAYS) MAX  PER 261310 0000

S PER’IIBX,’TUNNEL OF SEG FT) (FT) Ws0.B. USED 061320 0000

S (IN) (CY/FT)(CY/FT) AREA SEGC SHAFT (CYs DAY UEEK 061330 000@
?rr18x, ‘ALIGN.’ , 36X, ' (FT/DAY) (FT/DAY)’ 24X, (ACRES )’ ,IGX ‘MR’ ) 061340 0000

2001 ;ORHQ*(IX 14, Ig 16,1H+,211,17,18,F7. 2, éFe.2,2F8.1,F9.2,27,218, 851350 2000

! 1) 61360 0000
2002 FORMAT(21X,F5.1,2X,R6,6X,19,1X,F11, 1.E8.2), 261370 0000
2003 FORNAT (21X F5.1.2X,AB.F6.1,39,1xX,F Fit 061380 0000
2004 ronnnv<:x,i4 1s.16, 1h+,214,17.18.F7.2 ésx &, 2,14x,18,20X,2F6.1) 061390 0000
2005 FORMAT(S5%,FE.1,E9.2) 261400 0000
ao;o FORMAT( 3

3(2H--,2H )/Elxé'X!tSTﬂBILIZﬁTIONt!! DEVATERING xSQIL @614ie 0000

PROPERTIES!‘/ZXX.’NUHIER METHOD AIRPR (GPM/UELL) UNIT WT PER ©61420 0000

2M‘ /36X, (PSI), 16X, (PCF) (CM/SEC)*/7) 061430 0000
2011 FORMAT(SX,15,8%,218,F7.2,2F6.2 28.1,F9.2,217,8x,18) 061440 0000
2012 FORMAT(Sx, 15,8x,218,F7.2,28X,F8.2 061450 0000 B}
2150 FORMAT(1X) 261460 0000
2100 FORMAT(1X, 134(1H-)/1X,14,6X, 16, 1H+,211,17,228X,* THIS SHAFT IS 4 961470 9000
1DUNMY, 22X, 18) 261480 0000
2206 FORMAT(IX,131(1H-)/1X,14,5%,16,1H+,211,17,22X," THIS SHAFT IS A 061490 0000 i
1PORTAL’,21X,18) 061500 0000 .
2222 FORMAT(1x, 151 (1H-) 061510 0000 ;
3000 FORHAT(1H1.41(1H1) * CALCULATED TUNNEL DATA ‘' @61520 0000
45(1H%)//, ' REACH SEG STATION SLOPE xtunnsn DINENSIONSS XXADUAN 661530 0606
B6E RATESHE LINING 3EXCAU UOLUNEX PUMP  PUME CONSTRUCTION RML-_ @6iS40 2990
3HOURS DAYS‘/13X, AT LEFT LENGTH FINISH EXCAU EXCAU AVERAGE_UNIE 861550 0040
40RM THICK  sofL  ROCK  FLOW HEIGHT TIME (DAYS) MAX PER P Q61560 €000
s:n'/zax,'or SEG  (FT)  (FT) (FT) us0.B.  USED (I 061570 0080
6N) _(CVIFT)(CY/FT) RATE =~ (FT) SEG ~REACH (Cvs” DAy UEEK’ /40K 061560 0606
TeolET) | (FT/DAY) (FT/DAY)- 25X (cpn) 22X, 'HR) 61590 0009
3001 onnnvtzx 14,15,16,1H+,211,%6,2F7.2,F6.5,F8.1,F9. 1 F9.2,217,18,17, 061600 2000
1 F 061610 €200
3002 FORAATC11X, 16, 1H+ 2L1,F7.1,8X, 86 FE.1,19,1X,F11.1,E 061620 0000
3004 FORMATC1X, 84,85, 18, 11%,211.T6.20%,F8.1,Fb. 1 9x%,21% ax 17 216,6%, 061630 9000
12F6.1) 961640 9000
30051ronga;§§2x ;F5. é‘a§.¢§ 6X,19,1%,F11.1,69.2,F8.1,F8.23,F6.2,2F7.1, ge1650 :gg:
I »
3010 ro«naTt 33¢bH=- BN +QIRLOCK XXSSTABILIZATIONSXX DEUATER 261670 9000
1ING XSOIL PROPERTIESS concﬁsr: SCUT AND COVER SEGMENT PROPERTIESE 061680 9000

Bt 2.

(Continued)
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r COSTUN Listing (Continucd) f
!

?

3

l RSOCN'IIRX o STATION NUMBER METHOD AIRPR (GPM/JELL)  UNIT WT 061690 0000
BASE SIDE !SUPORT LENGTHX DACKFL OPEN’~/12X

l c TUN’, 17X, :psx> SUMP(GPM/FT (PCF) (CMsSEC) uo:unz W1bT™M 061710 0000
; SSLOPE SLURRY’ DECKED UOLUME LENGTH'/?EX ‘(CysFT) (FT v 061720 0000
SOLDIER (CY/FT) (FT)’/ 061730 0000
! gg ronnz;f§§ §§ §s.§u: g§} .16, arv E‘FG .2 rs.x rs 1, ;9 25217510 L17,16) 32};32 :ggg
E 30t s1 ORAAT 5“ rk.x’ax Ac, ﬁ xé Fi 59 WO N A é r 2,2F7.1, 961760 2000
k l!llill!!lll3tltlltll!llltltl!lltll!lllt!lll!tlxltxt!l!xxl!l!lxxll 061780 9000
; ¢ 061790 0000
e ¢ 961800 0000
- RETURN 061805
: N 061810 0000
; c SUBROUTINE SETUP(MEX,MEXP,SETUSH, SETUPM, SETUPR, ITYPE) 32}253 3888
22+ L L T e Lt e e I ltdat e bttt L L T R P T L R 2 L
¢ THIS SUBROUTINE COMPUTES THE NUMBER OF SETUP FOR SMIELD, MOLE, 061840 0000
¢ AND RIPPER EXCAVATION 061850 0000
R T 061860 00@0
g IF(ITYPE £0.2) GO TO 500 061878 0000
* ¢ TUNN 061880 000¢
xr(nsx LE.1 on.nzx GE.> 1 /~EL0 600 061890 000¢
IF(MEX.LT. 3) GO TO 100 061900 0000
¢ SHIELD SETU 061910 Q080
IF(SETUSH. GE 1..a~n (nsxp LT.3.0R.MEXP.GE.6)) SETUSHeSETUSH+@.25 Q6152¢ 0000
IF(SETUSH.LT.1.) SETUSHe1 061930 0000
100 IF(MEX.GT.3) co 10 400 0619490 0000
¢ e T L P - 961950 Q0o
¢ MOLE SETUP 061960 0090
1F (SETUPM.GE.1.) GO TO 15@ 961970 oede
¢ FIRST MOLE SETUP 061980 Q000
Pn-z. 961980 0000
0 600 062000 0000
150 xr(nexp.so.a.on.nsxp.so.a> GO TC 200 062010 0000
¢ RESETUP 062020 Q000
SETUPH-SETUPH+0.25 062030 2000
GO TO s 062040 0000
¢ CHANGE € 062050 20¢Q
200 IFKHEXP nz n:x) SETUPMeSETUPN+0.125 062060 0000
see 26207¢ 0000
¢ RIPPER SET 062080 2020 :
400 Ir(n:x EG. 4> GO TO €00 062098 2000 ;
¢ RESETU 062500 0000
xrrnzxp NE.S. nun SETUPR. GE-i ) SETUPReSETUPR+9.25 26211e Q0ee
xr:ssrupn LT.1.) SETUPRet 062120 0000
G0 TO €00 062130 0000
¢ - ---- 062140 9000
¢ SHAF 0621560 0090
S00 IF(HEX LT.2) GO TO 600 062160 €000
¢ $HIE ETU 26217 09080
§:§=E§ cg g)ann +SETUSH.LT.1.) SETUSHe1, osa%gg :ggg
xr(serup . T.i.) co TO 550 062200 0000
¢ CHANG| 062210 0000
és:nsxésg e AND .MEXP.EQ.3) SETUPMeSETUPN+®. 125 osaag: g:::
¢ FIRST SETUP 062240 0000
560 SETUPN.{, 062250 0000
i
|
!
i
i
H
i
(Continued)
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608 MEXPeNEX
RETURN

END
SUBROUTINE COSTTUC(A,CNP, SHAFT, TRDATA, CUMSL , NTSMAX, NPMAX, NSMAX,
INTRNAX , NSSMAX )

COSTTU COLLECTS ALL OF THE TUNNEL COSTS AND OUTPUTS THEM
COMMON +A- LO,LI,PM,OM LIST(40), TITLE(16@),STABEG, ITYPE
comMon.G, TUNLC, fUNEC, FUNMC, TUNtC
DIMENSION IL(12}, TECid), IM(i2),cF(D
DIMENSION A(NTSHAX,68)

1 TRDATA(NTRMAX,231, Sumst (NPMAX )

INTEGER SLCPF, SECPF, SMCPF, TLC, TEC, TMC ]

INTEGER TCES,TEE, Toml,TemT TCMn, TCAD, TCTS, TCL, TSR,

1 7¢5, FCP, tcac, fsCPF.  Tsé

INTEGER RCL,RCE.RCM,RCT

INTEGER TUNLC, TUNEC, TUNMC, TUNTC

- - = - > Y ' - = " -

o0

CALCULATE TUNNEL COSTS A REACH AT A TIME
ITYPE-1

TUNLC =@
TUNEC=0
TUNMC =@
TUNTC=@

DO 958 NREACH=1,NTRMAX
IF (TRDATA(NREACH,1).LT.~18.E29) GO TO 950
NSHAFT»TRDATA (NREACH, 1)
BF »TRDATA(NREACH, 2
[SHAPE « TRDATA (NREACH, 3)
MTMeTRDATA (NREACH, 4 )
NRSEGL = TRDATA(NREACH, )
NSEGS = TRDATA (NREACH, 6 )
RNLMAX=TRDATA (NRERCH, ?)
HOURS »TRDATA(NREACH.8)
DAYS »TRDATA(NREACH, §1
SETUSH» TRDATA(NREACH, 10
SETUPM=TRDATA(NREACH, 11
SETUPR«TRDATA(NREACH. 12
DTCA *TRDATA(NREACH, 14)
DTC =TRDATA(NREACH, 15)
IF(ISHAPE.EQ.1) SFA=9.785
(1SHAPE.EG.1) SFPe3.14
(ISHAPE .EQ.2} SFA=d.893
E}suna..so.an SEPe3.57
(

J
)
)

SHAPE.EQ.3) SFR«0.425

Q

B

BHT «TRDATA(NREACH,
QX2 *TRDATA(NREACH, 13
MEDW=TRDATA(NREACH, 14
EN «TRDATA(NREACH, 16)

(Continued)
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COS 0N DDt in s teenat e

UDS *TRDATA(NREACH,21) 062820 0000
UBACEX=TRDATA (NREASH, 22 062830 2000

] UBACDS« TRDATA(NREACH 23 ) gggg;g 000
NPBSeSHAFT(NSKAFT 3 062860 @000

DDSSHAF T (NSHAFT, é» 962870 000
CDS§=SHAFT (NSHAFT ;6 262880 0000
HHeSHAFT (NSHAF T 6: 262830 0000
nsecsa-IA)S(nssésJ 0629¢0 @208

§  eememmmmcmomsamomameeeoe—mme—em—m—eemeemcmcem—ees—ese——emeeo 062910 0000
¢ nerennxne NURBER OF SHIFTS IN A WORK DAY 062520 0008
SHIFTSe1, 062930 0000

IF (HOURS.GE.12.) SHIFTSs2. 062940 2000

1F (HOURS.GE.21.) SHIFTSe3. 062950 2000

¢ CALCULATE COST FACTORS FOR LENGTH OF WJORK WEEK 062960 0000
IF (HOURS/SHIFTS.LE.B.) CFLWWK®(6.08+0.192%(DAYS-4, )XX2 062970 2000

1 +0.3842SHIFTS ) XSHIFTS/HOURS 062980 0@0e

IF (HOURS /SHIFTS.GT.8.) CFLUWK®(Q,76+0.024X(DAYS~-4,) X582 Q62952 000

1 +0.048XSHIFTS)¥(1.5-4.XSHIFTS/HOURS) 263000 0000
CFEWUKs ( 3.75+30. /HOURS ) /DAYS 063910 200¢

(S SAbahASupEH At tAN P RSS R 063020 0000
ALOCK=1.0 263930 0000
CLIND=Q. 263040 2880
UCMCPe. 953050 0000

IF (ISHAPE.EG.9.0R.DTCA.EG.8.) GO TO § 063060 0000

¢ CALCULATE COST OF INSTALLATION OF CONVEYOR IN FREE AIR FOR 963070 0000
¢ CONUEYOR+TRUCK TRANSPORT, AND COST OF COMPRESSED AIR PIPING 063082 2000
CALL CUINFA(A,CNP,CUMSL,HH, NPBS, NSEGS, RMLMAX, DTCA, NRSEG! , 263090 0000
1 CLIND,UCMCP, NTSMAX, NPHAX ) 063100 0000
€ mmmmm e e e ecem e e e e e e 063110 0009
¢ CALCULATE NUMBER OF AIR LOCK LOCATIONS AND LENGTH OF LOCK 063120 0000
CALL LOCKLT (R, NSEGS, RMLMAX, MTA, ALOCK, ALOCKL, NTSMAX, NRSEG! ) 263130 eoee
----------------------------------------------------------------- 063140 2000
5 RL=0,0 063150 0000
DO 10 IJ=1,NSEGSA 063160 0000
o hoEcE ot o) I°NRSEG1+IJ-1 26317 0000
IF(NSEGS.LT.8) IsNRSEGI-IJ+1 263180 0000
TSEGLeA(I,45) 263190 0000
19 RURL+TSESL 263200 0000
T L 063210 0000
RCL=0. 063220 0000
RCE=0. 263230 0009
RCMeQ. 063240 0000
RCT#0, 063250 0000
NLINES+60 063260 0009

¢ 063270 0000
¢ CALCULATE TUNNEL COSTS FOR EACH SEGMENT 063280 0009
¢ 963300 0066
DO 900 I1Se1,NSEGS 063310 0000

¢ 1+SEQUENCE AUMBER OF TUNNEL SEGMENT 063320 000
1oNRSEGLETS-1 263330 0000
NPS=A(] 063340 0000
zr(nszoé cr.o) GO 10 110 063350 0900
I+NRSEG 063360 0000

NPOeRC T xa> 063370 0000

110 NPL -6(:,2) 263380 €000
NPR  =ACI.D) 063390 0000

(Continued)
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COSTUN Listing (Cont imned)
NBL =CHRCNPL, e> 0E3409 0000
Et PR «CNP (NP 063410 0060
ELAVG =6, Sl(tLNPL#ELNPl) 963420 0007
RSeA(I,5) 063430 0000
RaDenct, 6> 063440
4 MEXeA(1.7) 063459 ¢
n.a(x,i) 063460 0000
Gleacl 863470 0000
¢ THE SARTABLE FOR LINING TYPE 1§ CALLED L1(ONEIN1 (ONEING IN THIS ggg:g: 200
¢ SUBROUTINE TO AUOLD CONPUTER CONFUSION UITH THE CALL TO SUB LINING 063500 0000
¢ UHICH COMPUTES LINING COSTS 063510 d00¢
3 LININGeAC(],10) 063520 0000
L eAtIlil) 063530 000
TSEG eA(I.11) 063540 02
NOFORMeA (1,13} 063550 0000
ELUATR=A(T.14) 263560 2000
LINUT =A(I.15) 963572 0200
NTSTYPeA(I,16) 06358¢ 0009
IF(NTSTYP.£G.1) GO 10 115 063590 0000
NPLS eA(1,17) 263600 0000
NPRS <A(I.18) 263610 0000
¢ CALCULATE AUERAGE SURFACE ELEUATION 063620 2000
ELNPLS*CNP (NPLS, a 063630 0000
ELNPRS »CNP (NPRS . 2 063640 2000
ELSURF =0 sx<:L~ﬁLS¢EL~Pns) 06365¢ 0000
DEPTH o3 063660 0000
DFUNSELGURE - EL ve 263670 0000
CALCULATE DEPTH OF ROCK SURFACE 963680 0000
ELROCK=A(I,2 06369¢ 9000
naocx-ELsuér TetRocK 263700 9000
¢ 963710 0000
115 ELBOTM=ELAVG-2.SXBE 963728 0000
] IF(ISHAPE.EG.3) ELBOTMELAVG-@.258BE 96373¢ 0000
¢ 063740 0000
D10  *A(I,1§) 263758 0000
PHI  *A(1,20) 063760 0000
PERMeA(1,256) 263770 2000
SUPPT=A(I,26) 963750 0000
IBRACE=A(],28) 963790 0000
IDECK=A<I,29) 263800 0000
5TABNO=A(1,30) 263810 0000
MSTABeA(T,51) 863820 eeee
AIRPR=A(],33) 063830 Q2002
cAuT eA(t,35; 263842 0000
‘u *A(1,37) 063850 2000
8 “A(1,38) 063860 0000
BE  ~acl.39) 063870 0000
BE4d +A(1,40) 063880 0000
BEGO ~A(I.41) 063856 0000

(Continued)




COSTUNL Listin tdant inued)
B eA(l,4d) 063900 cgee v
s%‘:‘ oAL],43) 963910 0000
¢ *ACI,44) 963926 0000
©  sszal eacz,as 063940 0600
) L oA(],45)
“ACI,46) 063950 000
HELOPE=A(T, 47) 963960 0900
AL =A(I.48) 263970 2000
v «A(f.51) 063980 00
© rongnc.a thzme tese
BOX+A(I,43)
DYRNCHeA(1,52) 06401¢ 0000
SIDESL=ACI,53) 064020 0000
UBOX eACI,54) 064030 0000
UL ea(1.58) 264040 2000
FORMAR=A(I,S6) 064052 00
¢ 064060 0000
PH  =A(1,57) 264279 0000
PIPL =A(I.58) 064080 0000
Flow eA(l.59 864090 0000
GIR  ~a(I.60) 064100 0200
FLOWL *A(I.61) 064110 0000
¢ 064120 0000
WVED  eAC(l,62) 064130 2009
TPLATE+A(I.62) 064148 0020
VTUALE=A(1,63) 064150 0000
WTSTRT=A(I,64) 964160 2000
WTANCHeR(1,65) 264170 0000
WTSP =A(I,66) 064180 0000
yTsPD »ait,67) 064150 0000
¢ 264200 0000
WELLS =A(I,68) 064210 0000
SPDLT #A(1.38) 064220 0000
DSLURYeA(1.38) 064230 00eQ
PSOIL -A(l,63) 064240 0000
PUATER=A(I.64) 064250 0000
PTOTAL=A(I.65) 964260 0000
IVATER»A(1,23) 064270 0000
€  mmmmmmeema e cmececccmcem—cc—mmecceoan RS S - 06428¢ 0000
¢ LABOR COST FACTOR IN COMPRESSED AIR 264290 0000
CELCA=ATRPREXZ, 40, +1.5 264300 0000
IF(NTSTYP.NE.2.0R,AIRPR.LE.O.) CFLCA®1. 064310 0000
¢ COST FACTOR FOR TRAVEL TIME 70 THE FACE 264320 0000 [
veQ.3XSHIFTSX(@.76+8. 024X (DAYS-4 . 18X2+0@.Q48ESHIFTS) 064330 0008 !
IF(HOURS/SHIFTS LT.8.) YeY2S,X(HOURS/SHIFTS+@,2XDM-8. )/DM 064340 0000 ;
IF(V.LT.9.) Yeo. 064350 0000 A
IF(NTSTYP.EG.3) Yeo. 264360 0000 f
¢ 064370 0000 ;
CLESe@. 064380 0000 i
CEES<@. 064390 0000
CNESe@. 064400 0000
CLAC=@. 064410 0000
CEAG=Q. 064420 €00 !
CNACee. 064430 0000
IF(NTSTYP.EG.3) GO T0 760 064440 0009 i
IF(MSTAB.NE.1> GO TO 769 064450 0009 ;
IF(1S.NE.1) GO TO 709 064460 0004
DLOCK =9, 064470 0006

(Continuced)
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NPLOCK® ADS(ACI,36))
DTNLOK s b
PUMPLTDTHLOK +DNX5280.
G0 10 75
¢ CALCULATE LENGTH OF PIPING FOR COMPRESSED AIR

700 IF( ABS(A(I,36)).EQ.NPLOCK} GO TO 720
NPLOCKe ABS(A(I,36))
DTHLOK=CNP(NPS, 8)-CNP (NPLOCK , 2
DLOCK =ABS ( Cums{ (NPLOCK )-CuMSL (NPBS 3 )

726 PUNPLT+DMxS289.-DLOCK +DTRLOK

2)-CNP (NPLOCK, 2 ) /DLESK

IF(DLOCK.GT.9.001) HSFAe (CNP(NPBS
HSCA= (ONP (NPLOCK, 2)-ELAUG )/ (DMeB28e. -DLOCK )

CALCULATE SETUP COST FOR TUNNEL SEGMENT !

759 CALL CSETUP(A,B,NSEGS,NRSEGL,BE, HH, ITVPE, I ,SETUS~, SETUP™, SETUPR,
1 CLES.CEES, CMES, CFLULK, CFEUUK, NFSTVP, DSES, DES, DRES, NTSMAX, NSSMAK )
CALCULATE COST OF EXCAUATION IN TUNNEL SEGMENT I
¢aLL COEX(CLE,CEE,CME, ITYPE, MEX, AR, BE RS, [SHAPE, SFA, FP,
1 PS8IL, $TABNO, DTRNCH, DROCK , §1DESL, VBOX, uSATL, wRCCK, PHI,
2 DCENT, HOURS, ¥, DM, MstaB, CFLCA, CFLUWLK, CFELLK, NTSTvR}
CALCULATE COST OF MUCK LOADING IN TUNNEL SEGMENT !
Gall CMUKLD(CLML,CEML,CRML, ITYPE,MEX,AR, DM, U, ,RNL, RMLMAX,
1 MSTAB, CFLCA, CFLuuk, CFEULK, HOURS )
CALCULATE MUCK TRANSPORTATION AND WOISTING COSTS FOR
TUNNEL SEGMENT I
CALL CMTAM(CLMT,CEMT,CMMT, CLMH, CENH, CMMK, ITYPE , MTH, DM, AR
1HSFA, U, HH, LINING, RML, RMLMAX , HSLOPE, BE , 1sHAPE, RL, LT, UCEF, v, UCLMH,
2HSCA, UCEMA, MSTAB, DLOCK, CLIND, HOURS . OPEN, DCENT, UBACEX . UBACDS, UBOX,
3 u80IL,uRoCK, TOTBOX, EFLUWK, CFEUUK, CFLEA, DDS NT5TYP, DTRNCH, DROCK )
CALCULATE MUCK DISPOSAL COST FOR TUNNEL SEGMENT I
CALL CMUKDP(CLMD, CEMD,CMMD, AR, U, CDS, DDS, UDS, NTSTYP, KOURS,
1 CFLWWK, CFEUUK, TFvPE>

[elele) [e19] OO0

o0

[e1e]

CALCULATE COST OF TUNNEL SUPPORTS FOR TUNNEL SEGMENT I
IF(LINING.EG.4.AND.NTSTYP.EQ.1)G0 TO 1900
1F (LINING.NE.4.0R.NTSTYP.NE.1)GO TO 2000
1900 CALL ROCK(CLTS,CETS,CMTS,RQD,MEX, ISHAPE, BE, AR, RS, BE4Q, BEGO,
LITYPE,Y,NSTYP, BF, ISUPPT, tPLAtE, T8EG,PSOIL, UEB,PTOTAL,
2808, LENUT,msTAB, EFLCA, HOURS, CFLULK, CFEWUK. SFA.LINING. DN,
3CLL*CEnggL,CLFU,CEFU,CHFU)

GO TO 2
b 2000 CONTINUE

CALL CTSUP(CLTS,CETS,CMTS,RGD,MEX, ISHAPE , BE, AR, RS, BE40, BEGO, ITYPE,
1 Y¥.DM_NTSTYP,BF, I1SUPPT, TPLATE, $SEG,PSOIL WER,PFOTAL BB, LINUT,
2 néTab,cFLCA; HOURS, CFLUWK , CFELUK , DSLURY , DTRNEH  1DECK, DROCK,

! 3 uTsTrRE, uTualE,sPDLT,uTSFH, LTSP, UTANCH, $0TBOX, s BRACE. SFA)

¢
¢ CALCULATE COST OF LINING AND FORMUORK IN TUNNEL SEGMENT I
] CALL LINING1(CLL,CEL,CML,CLFW,CEFY,CMFiJ, ITYPE, LINING,RGD, MEX,
UES, TU,BOB,BOB49, BF ¥, DM ' BOBGS, ISHAPE , BE, UCLT, UCET, mém,
N BRI B e
casoo CONTINJE  * ! ’

(Continuced)
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064480
064430
064500
264510
9645280
064530
064540
964559
Q64568
Q6457¢
064580

0€465¢
064660
6467¢
064680
064690
064700
064710
064720
064730
064740
064750
064760
064779
064780
064790
264800
064810
064820
Q64830
064840
€4850

064860
264870

964850
964560




o000 OO0

o000

[e19]

810
¢

000

CALCULATE
CALL COROU

CALL

(CLG,CEG
DTUN, +H, HO

QUTING COSTS FOR TUNNEL SEGMENT

CMG,ITYPE,GI, ISHAPE

BE, A
URS  CFLUWK, CFEWUK, 8SEGL, Pé

RS,NTST
RM,S5FP,

YP,Mm§TaB,
D76, TIMEG)

CALCULATE COST OF PUMPING FOR TUNNEL SEGMENT I

CPUHP(CLP‘CEP‘CHP SNTSTYP,FLOW, PH

0
WELLS, ﬁL Ti

™M DAYS, LINING. PURPTM AEX,
mebu, 1SUPPT,ELLUATR,ELNPS,

fu

PIPL, AR, ITYPE,

DTRNCH
LATER, &

DROCK,FLOWL,
FLUUK, CFEWWK)

CELC%LATE COST OF AIR CONDITIONING AND COMPRESSED AIR FOR TUNNEL

SEGNENT I
 CALL CATRC (cLAC, CEAC,CMAC, G, T, BE, BF , AR, HOURS,NTSTYP, MSTAD
AIRFR 43 b ¢aut afock,pfc,DTca,PUMPLE, D

: ALOCKL, ucn
IF(L1ST(6).EQ.1) GO
1F (NLINES+10.LT.60)
WRITE(LO, 1000)
NLINES=6

A, ISHAPE, AH

CP.CFLULK . CFEWUK, DavS, v, PERM)

T0 810
GO TO 810

ITYPE,

CALCULATE COST FACTORS
POPs(1,+0.01X0M)X(1.+0.9
CF(1),CF(2) AND CF(3) aRe COHPOSITE COST FACTORS FOR L, E, AND M
CFLeSHAFT (NSHAFT, 12)
CFE=SHAFT (NSHAFT, 13)
CFMeSHAFT (NSHAFT, 14)
RCF «SHAFT (NSHAFT, 15)
CF(1)=POPXCFLYRCE

CF(2
CF(3

}»POPXCFEXRCF
1»POPECFMXRCF

MULTIPLY BY COMPOSITE COST FACTORS AND THEN QOBTAIN SEGMENT

L(
(

CROCIFMCIMCIMeCIMe ImMe 3m
P e T Y T T

1)eCLESICF(11+.5
1)«CEESXCF(2)+.5
JeCMESXCF(3)+.5
JoCLE XCF{1)+.5
)sCEE XCF(2)+,
JeCME XCF(J)+.
JsCLMLECF(1)+,
YeCEMLXCF(2)+.6
JaCMMLXCF(3)+,
JeCLMTRCF(
JeCEMTERCF(
JeCMMTRCF (
YsCLMHECF (
JoCEMHECF (
)-CHHH!CFE

(

¢

{

(

PO CRINT

‘.
+,
+.
+.

6)eCLMDICF
6)°CEMDICF
6 )=CMNDxC
?7)eCLTSXC
7)eCE
?3eCN
§)eCLL

vauvukuuu

+.
SCF(3)+,
SCF(1)e,

1
2
3
1
e+
)+
1
)+
J)+
1
2
3

COSTS PER FOOT TO THE NEAREST DOLLAR
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COSTUN Tistine toamt fnued)

P N g N N Y )

P N e Yelate e latatate:

gﬁ%gngTE SEGMENT COST/FOOT FOR LABOR, EQUIPMENT AND MATERIALS
L .

SECPF «0

SMCPF 0

DO 815 LL-1,12

SLCPF«SLCPF+IL(LL)

SECPF'SECPFOIE(LL)

SPHCPFSMCPF+IN(LL)

TSCPFeSLCPF+SECPF+SMCPF

- - - - - e " "~ - YR D G e

CGECULA7E TOTRL SEGHENT COST/FOOT FOR EACH COST COMPONENT

CES = IE¢ +IN( «ILC 1)
TCE =« [IEC 2)0 MN( 2)* Le ey
TCAL = JEC J)+IM( J)+ILC )
TCAT o IE( 4)+IN( 4)+1L( 4)
TCAH = IEC S)+IM( S)+IL( 5)
TCMD = IEC 6)+IM( 6)+IL( 6)
TCTS o LEC 7)¢IMC 2)+ILC ?)
TCL o IE( 8)+IM( 8)+IL( 8)
TCFUW = TEC 9)¢IM( §)+ILC 9)
TCG = IE(10)+IM(1@)+IL(10)
TCP = TE(L11)¢IM(11)+IL(1})
TCAC = IE(12)+IM(12)+ILC12)
CALCULATE TOTAL SEGMENT COSTS IN THOUSANDS OF DOLLARS
TLC » SLCPFETSEGL/1000
TEC « SECPFXTSEGL-/100€.

TMC » SMCPFSTSEGL/1000.
TSC o TLC+TEC+TMC

IF(LIST(6).EQ.1) GO TO 849
WURITE OQ;EEEE SEGMENT COSTS FOR LABOR, EQUIP, MAT, AND TOTAL

NTSEG=A(],

WRITE(LO, 1001) NREACH, NTSEG, (IL(JJJ) , J-: 12),8LCPF,TLC
WRITE(LO, 1002) CIECJI) . Jie1.12),SECPF,TEC

VRITE(LO, 1003} (IM(JT3), 331, 128), SNCPF, TAC
UR!TE(LO 19004 TCES,TCE,TCML TCHY,T ﬁn Tcmb, ks, ToL) TCFu,
17CG, TP, beac, TSCPF, I TSESL,  $sC

NLINESNLINES+S
ACCUMULATE TUNNEL SEGMENT COSTS INTO COST OF REACH

e66ize




N

00

[elelel

OO0

848 RCLRCL+TLC 266130
RCE=RCE+TEC 066140
RCM=RCM+TNC ee615¢
RCTsRCL+RCE+RC 266160

¢ END OF COSTS SN A SEGMENT BASIS 066170

909 CONTINUE 966180

------------------------------------------------------------------ 266190
LIST OUT REACH COSTS 266200

850 IF(LIST(6).EG.1) GC TO 869 066210
WRITE(LO 1907) SHAFT(NSHAFT,12),RCL, SHAFTINSKHAFT,15), e66cce
1 SHAFT(NEHAFT, 13, RCE, SHAFT (NSHAFT, 14, RCM, CFLUUK.RCT, SFELUK 066230
NLINESeNLINESS? 266240

066250
.................................................................. 26626
ACCUMULATE COSTS OF ALL REACHES 066270

86@ TUNLCsTUNLC+RCL 066280
TUNEC = TUNEC #RCE 066250
TUNMC « TUNMC +RCM 866300
TUNTC = TUNTC+RCT 9EE312

e6632¢

TRDATA(NREACH, 17 i«RCL 86633¢
TRDATA(NREACH, 18 )eRCE 866340
TRDATA (NREACH, 191 sRCM 266352
TRDATA(NREACH, 20 ) «RCT 066360

¢ END OF CCSTS ON A REACH BASIS 266370

950 CONTINUE 966380

RETURN 066358

266400
------------------------------------------------------------------ 966410
------------------------------------------------------------------ 066420

1000 FORMAT(1H1,47(1HX),37H T UNNE L ¢ TS L4B(iHE)// 066438

1120H REACH SEG XXXSXXXXXXTXEXXL COST IN DOL'aRS BER FOOT OF TUNNE 966420

ol XXXXILBXXXTTRXXAREL  SEG  SEGMENT SEGMENT 266450
3204 N0 NO  EXC  EXC MUCK  MuCK MUC( MUCK SUP- LIN-  @664€8
4LIN GROUT PUMP- QIR- COST LENGTH 0ST / 066470
512eM SETUP LOAD TRAN HOIST DISP PORTS ING F OB6480
sonm ING “GORD ($/FT) "VFEE™: ($1000) £6452

IX, 1190LH-2) 0€6500

1001 FORﬁAT(/ix 13,15,2M L,1316,8% 112) 066510

1002 FORMAT(9X, &M E, 1376, 8%, 5 266520

1003 FORMAT(SX, en M,1316,8x,112) 066530

1024 FORMAT(SX, 2H T,i316,18.112) 66540

1907 FORnnTzix 119(1H-) /7, 9% "L4HREGIONAL COST,6X 1eucos* INDEX, 10X, 066550
1 10H -- LABO F&.205%, 31HTOTAL REACH LABO é cbsT ..., 18/ 66560

2 9x 9nrac70n ,£5.2,86X, 10HEQUIPMENT ,F5.2,5 066570
3 B aT0TAL REACH QL IBMENT COST ve.., 187 066580
4 49X, LQHMATERIALS ,F5.2,5X,31HTOTAL REACH MATERIALS COST .....18/ Q8659
5 43X, 1EHLABOR WORK WEEK ,F§.2,5X, 066600
€ 31Hf0TAL REACH COST SOOI Y 66610
? 43X, 16HEQUIP WORK VEEK ,F5.2) 066620
------------------------------------------------------------------ 066630
066640 (¢
966650
SUBROUTINE COSTSF (B,CNP, SHAFT, TRDATA, NSSMAX, NPIAX, NSHAX, NTRRAX 966660
e c et meneecceeccccecmmmememeeceee e mmesemm——————— 066670
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A3Y




OO0

[e14]

MENSION IL(11), Jecan, LCF(3) 06672¢ 2022
génﬁoz 'Y AOLTST 405  TITLEC160), STABEG, ITYPE 056740 0900
COMMON/G/ Tun(c *uuéc funnc,runfc 066750 2000
DIMENSTON B(NSSRAX, 433, CNP (NPMAX,2), SHAFT (NSMAX,23), TRDATA(NTRMAX, 066760 0600
23) 066770 Q000
---------------- gcpe snope T Te e 066796 0606
INTEGER SLCPF, SECPF ,SM e
INTE%ER TCES, T é {. TCMM,TCMD,TCTS, TCL, TCFUW,TCP, CARC, 266800 0000
1 1¢a, fscn# Tsc 066810 2000
INTEGER SCL,SCE,sén, 06682¢ 2000
INTEGER TUNLC,TUNEC; TUNMC TUNTC 266830 2000
INTEGER SFTTLE, SFTTEC, SFTENC, SFTTC 066840 0000
INTEGER TLABOR,TEQUIP, TMATER, TCOST 066850 0000
INTEGER RCL,RCE,RCM,RET 266860 €000
""""""""" e + 1 M B 45
CALCULATE COSTS A SHA A
ved. 0 066892 0000
ITYPEe2 066900 2000
066910 0000
266920 0000 x
SFTTLC=0 266930 0000
SFTTEC=® 266540 0000
SFTTMCe@ 066950 2009
SETTCe0 966960 0000
DO 958 NSHAFT=1,NSMAX 066970 0000
IF (SHAFT(NSHAFT,1).1T.-10.E29) G0 TO $59 266980 0000
BF «SHAFT (NSHAFT, 7) 066950 0000
NSSEG1*SHAFT (NSHAFT, 11 267000 2000
NSEGS+SHAF T (NSHAF T, 4) 267010 0000 4
RMLAAXSHAF T(NSHAFF, 10) 067020 0000
DDS=SHAFT (NSHAFT,5) 267030 0000
CDSaSHAF T(NSHAFT.6) 067040 0000
067050 2000
ISHAPS»SHAF T (NSHAFT, 16) 067060 0000
HOURS s SHAFT(NSHAFT.17) 267070 0900 .
DAYS »SHAFT (NSHAFT.18) 067080 0000
NPORT »SHAFT (NSHAFT,23) 267090 @000
SFR-Q. 785 067100 0000
SFPs3.1 067110 0000
1r<15nnes £G.2) SFA*3.0 267120 0000 3
IF(ISHAPS.EG.2) SFPe4.0 067130 0000
DETERMINE NURBER OF SKIFTS PER WORK DAY 067140 0000 j
FTSel, 067150 00ed
xr(uouns GE.12.) SHIFTSs2. 067160 0200
IF (MOURS.GE,21.) SHIFTS«3. 067170 0000
CALCULATE COST FACTOR FOR LENGTH OF WORK WEEK 067180 000¢
IF (HOURS/SHIFTS.LE.8.) cFLuux-ce 08+@. 192K (DAYS-4. )X32 267150 2000
1 0.384XSHIFTS ) XSHIF TS/ MOURS 067200 0000
IF (HOLRS/SHIFTS.GT.8. ) CFLUHK-(O 7610.824X (DAYS~4. 2112 267210 0008
1 @483SHIFTS)X(1.5~4., ¥SHIFTS/HOURS) 067220 0000 ;
CFEWUK= (3. 75430 /HOURS ) /DAYS gg;gag ggg:; ]
CALCULATE LENGTH OF SEGMENTS REGUIRE GROUTING AND PUNPING 96725¢ 0000
DTG0, 967260 0000

(Continued)
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BS' 0 sEas 82;533 .393
10 NNei,N
{'”{ .& 067290 066
AETRBBL 1T, B6) 667300 000
SSEGL -l(ti.as) 067310 080
B(1I.36) 267320 000
FLOWL-B(11,42) 967330 9000
IF(FLOML.GE.0.) DTP=DTP4SSEGL 067340 0000
1F (RS TR NE . 3. OR Hit.OT . 260 1 GO TO 10 067350 0000
DTG=DTG+SSEGL 067362 0000
TIMEG@. 33+ (HH+d.S3SSEGL)/20. 067370 0000
10 CONTINUE 067380 9000
¢ - - - - - -- 267350 0000
SCL+9. 067400 9000
SCEs@. 267410 0000
5CM=Q. 067420 0000
5CTe0. 067432 0000
RUINES=60 967440 0009
¢ 267450 0002
¢ CALCULATE SHAFT COSTS FOR EACH SEGMENT 067460 0000
¢ 967470 0000
¢ 267480 0009
DO 900 15S=1,NSEGS 267490 0000
¢ x-ssousuce NUHBER OF SHAFT SEGMENT 067500 0000
1 1eNSSEG1+165~1 967510 0000
¢ CHECK FOR H PORTAL OR A& DUNMY SHAFT 267522 2000
IF (NPORT.EQ.8.AND. ISHAPS.NE.Q) GO TO 67 067530 0000
¢ THIS SHAFT IS A PORTAL OR A DUMMY SHAFT 067548 0000
IF(L!ST(?).EO‘O) URITE(LO,3005) NSHAFT 067550 0000
Go T so 967560 0000
67 NPBe s 1,4 867570 0000
ELNPB-CNP(NPB 2) 06758¢ 0000
RSeB(I,5) 967550 0000
non-nci ) 967600 0000
MEXeB(1,7 9676.0 0000
an-atx,é) 967620 0000
GI=B 067630 0000
g THE uné:asLs FOR LINING TYPE 1S CALLED L1(ONEINICONEING IN TWIS og;ggg gggg |
¢ SUBROUTINE TO AUOID COMPUTER CONFUSION WITH THE CALL TG SUB LINING 067660 0006 ]
¢ WHICH COMPUTES LINING COSTS 06767 0000
LiINING=B(I,1d) 067680 0000
TLeB(I,11) 867690 0000
TSEG *B(I,11) 067700 0000
NOFORMaB(1.12) 867710 0000
ELUATReB(I.13) 067720 0000
LINUT «B(1)14) 967730 0000
NSSTYP=B(I.15) 267740 0000
o TS seriee s
PHI  =B(I,19) 067770 0000
ELINP «B(I.20) 067780 €000
IUATER=B(I.21) 267750 0000 4
ISUPPT=B(I,22) 067800 0000
PERMeB(I,25) 067810 0000 '
§§¥R§°'=E 'g;; 32333‘ o:oo
b [
AIRPR +B(1.27) 067840 0600 .

(Cont inued)
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COSTUN Tiatine (Cont imied)
gerese sae
“3(1,29)
0 3 I§0> 06787¢ 002
ff o <3(I.31) 267886 0020
f «3(1.32) 96789¢ 2000
febes hia g o
(I, 990
ot 126 a7aze sats
«3(1,38)
SoeaL 13103 067542 2000
PreB(1,36) 067550 0000
RNL  =B(I,37) 067960 0000
v «3(1.38) 067970 0000
WEB =B(I.41) 07980 0080
OO BT 4%) 963060 6065
W eP( ’4 ‘A o
268010 0000
PSOIL «B(I,30) 068020 0000
PTOTAL#B(I.31) 268030 0000
PUATER«B(1,43) 068040 0000
LABOR COST FACTOR IN COMPRESSED AIR 068050 0000
CFLCA=AIRPREXZ/400.+1.5 268060 0000
IF (NSSTYP.NE.2.0R.AIRPR.LE.G.) CFLCAs1. 068070 0000
268080 0000
------------------------------------------------------------------ 268090 0000
CALCULATE szrup COST FOR SHAFT SEGMENT I 68100 0000
CALL CSETUP(A,B,NSEGS,NSSEGL,BE MH, ITYPE,1 ,SETUSH,SETUPM,SETUPR, @68110 0009
1 CLES,CEES,CMES, CFLUUK, CFEWWK,NSSTYP, DSES, DMES, DRES, NTSHAX , NSSHAX ) eggigg gggg
068140 0000
cALcULnTE PUMPING TIME 968156 9000
PUNPTR 068160 0000
IF (FLOWL.LE.0.) GO TO 700 068170 0000
UHPTH-(S B4 xsETUHe g XSETUPM)/DTP+7. /DAYS/AR 068180 0000
ALe2. XHOURS 068150 0000
IF(LlNiNG £a.1) PgnPTH-PUNPTH¢(30 . 4SHAFT(NSKAFT, 8)/ALX?. /DAYS) gg;ggg 8338
P CLINING.£0.2) PUMPTN=PUMPTN+3@. /DTP 068220 0000
700 CONTINUE 068230 0000
--------------------------------------------- 068240 0000
CALCULATE COST OF EXCAUATION IN SHAFT SEGMENT I 268250 0000
CALL COEX (CLE, CEE,CME, ITYPE, NEX , AR BE (RS 1SHRPS, SFA, SFP, 068260 0000
PsdIL, $7h ﬁo DTRNCH, DrOCK, §IDESL , UBOX, USOIL, UROCK,PHI, Q68270 €800
H nceur HOURS , DM, MstaB, crtca CFLUWK, CFEUUK, RSSTYP) 2 ggg 3828
CALCULATE COST OF MUCK LOADING IN SHAFT SEGMENT 268308 0000
caLL CMUKLD (CLML, CEML, CRML, ITYPE, MEX, AR, DN, U, ¥ RML,RHLHRX, 268310 0000
RSTAB, CFLih, CFLUGK . CFEUUK, HOURS 268320 €09
CALCULATE MUCK HOISTING COSTS FOR SHAFT SEGMENT 068340 0000
CALL CMTAH(CLMT, CENT, CMT, CLTH, CEMH, M, 1TYPE i oM, A 068350 0000
1HSFA, U, HH, LINING , RNL Hstops 8¢, 1shaPs,RL, uclT, uce- v ucnnn. 068360 0000
ansca USEMA MSTAB nLoéx CLINb PEN, DCENF, UBACEX uBAChS | 068370 €000
§orL,ukocx,Tbrnox SFLiug, crsuux.crLéa DDS.NSSTYP . DTRNCH. nnocx> 822338 gg:g
CALCULATE MUCK nxsposan COST FOR SHAFT SEGMENT I 968400 0000
anL cnuxnrccnnn CEMD, CMMD, AR, U, CDS, DDS, UDS, NSSTYP, HOURS, 068418 0000
CFLUUK, CFEWUK, TFvPE )’ 968420 9000
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c cecswesscsecsssacccnseasnee LRI L L P L L Ll - Lt Ll L .s“a. 0000
¢ CALCULATE COST OF SHAFT SUPPORTS FOR SHAFT SEuﬂENT 063449 0000
CALL crsurcc#rs,csrs CMTS, RGD, MEX, 1SHAPS , BE, AR, R B4, dECO, 1TvPE, 06343 0
1 vp $0ppT. TPLATE, $5EG, PSOIL; uED * 3, ( . 068466 @
i AN §oFLCA noﬁns CFLUUK, CFEGLK, D éLuav Loy Néh cx nabcx, 968470 ©
¢ 3 urstet,uTuale, sPolT,uTsPh, utsP, (TanCH, +07)0x iinace sFa) :g::g: g::g
¢ CALCULATE COST OF LINING AND FORMUORK IN SHAFT SEGMENT I 068500 0000
CALL LININGL(CLL, CEL CAL,CLEW CEFU, Sy, ITYPE, LiNING ROD, MEX, 068510 0000
xusn D03, 89 n 966, IsHAPs, B, UCLT ném, 268520 2000
ﬁn {CE & baﬁ ah nssrvp Psox£ nuaren UL sﬁ 968530 0000
onnnk,nouné crtcn CFLUUK, CFEWUK S 068540 0000
€ Temmmemtoeo ol el - —- -- Q68550 0000
¢ CALCULATE GROUTING COSTS FOR SHAFT SEGMENT I 068560 200
CALL CGROUT(CLG, CEG, CMG, ITYPE, GI, ISHAPS, BE , AR, RS, NSSTYP, MSTAB 068570 0000
. DTUN, HH, HOURS . CFLUNK, CFEWNK , SSEGL, PERM, 5FP, D18, TINES) gggggg gggg
¢ CALCULATE COST OF PUMPING FOR SHAFT SEGMENT I 068600 0000
CALL CPUHP(CLP CER,CMP,NSSTYP, FLOW, PR, PIPL AR, ITYPE, 068610 0008
URE ELBOTM. DAVS, LINING, PUMPTM MEX: DTRNCH,DROCK,FLOUL, 068620 0000
¢ : UELLS éL 71nebu 150PPT, ELUATR, ELNPB, UATER, EFLUUK | CFEWUK) gggggg 8333
¢ CALCULATE COST OF AIR CONDITIONING AND COMPRESSED AIR 268650 0000
¢ FOR SHAFT SEGMENT I 268660 2009
CALL CAIRC(CLAC, cEAg §CMAC, 0T, BE, BF (AR HOURS NSSTYP, NSTAB ITYPE, 268670 0000
1 AIRP ska, 1skabPs, in, bavt alock, Dtc, DTCA.PUMPLY, D 068680 0000
2 ALOGKL, UCHCP. CFLaUR | CPETLK , bave. v PERRS 268690 2000
[ J— S Aot S eyttt e it sty s R 068700 2000
¢ 068710 0000
¢ 968720 0000
€  seemmecmcdccccccccoccccceccaaae meeemeeeesatmemcacmmercoscmasae 268730 0000
IF(LIST(7).EG.1) GO TO 810 968740 00@9
IF (NLINES+11.LT.6@) GO TO 810 268750 0000
WRITE(LO,2000) 068760 0000
NLINES<6€ 06877¢ 2000
€  ecmm—cemcmccececcccmccmmemcmnoas SR S 268780 0000
¢ CALCULATE COST FACTORS 968790 0000
81@ POP=(1,43.8110M ) 5(1.+8.91%PN 068800 0000
c CF(10,0F (2) AND GF(3) ARE COMPOSITE COST FACTORS FOR L, E, AND M 068810 0000
CFLeSHAFT (NSHAFT, 12) 068820 0000
CFESHAFT (NSHAFT . 13) 968830 0000
CFMeSHAFT (NSHAFT, 14) 068540 0000
RCF »SHAF T (NSHAFT  15) 068850 0000
CF ¢ 1)aPOPSCFLERCE 068860 0000
CF(2)=POPXCFERRCF 8870 9000
. CF(3)ePOPECFMERCF ’ gsgo 0000
- e~ ccmemmecmmocm—emcec—mmcemeo e 068890 0000
¢ MULTIPLY BY COMPOSITE COST FACTORS AND THEN OBTAIN SEGMENT 968900 0000
¢ COSTS PER FOOT TO THE NEAREST DOLLAR 068910 €090
IL( 1)eCLESXCF(1)+.5 068520 0000
IEC 1)=CEESXCF(2)+.5 068930 0009
IM( 1)=CMESXCF(3)+.5 068940 0000
IL( 2)eCLE XCF(1)+.5 068550 9009
IEC 8)=CEE XCF(2)+.5 068960 €000
IMC 2)CME XCF(3)+.5 068570 €000
ILC 3)eCLALXCE(1)+.6 068980 0000
TEC 3)°CEMLXCF(2)+.6 068950 2000
IMC 3)eCMMLXCF(3)+.5 065000 0000
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[L( 4)eCLNHXCF(1)+.5 268018 0000

E( 4)sCEMMXCF(2)+.5 059020 0032

MC 4)sCMMHECF (3 )+, 269030 9000

L¢ E)-CLHD!CF(1)¢. 069048 9

E( 5)eCEMDXCF(2)+. Q69050 2002

N( 5)=CMMDECF(3)+.5 090660 0009

E( §)eCLTSXCF(1)+.6 63070 9000

( 6)CETSXCF(2)+.5 069080 0000

M 6)=CMTSECF(3)e, 069090 2000

LC ?)eCLL ZCF(1)e.S 069100 (-1

E( 7)sCEL ACF(2)+.B 069110 0000

M¢ ?)eCML XCF(J)+.S 069120 2800

LC 8)eCLFWUXCF(1)+.5 069130 0000

E( 8)CEFUXCF(2)e. 069140 0000

M 8)CMFURCF(3)+.5 069150 2000

L( 9)+CLG XCF(1)+, 069160 2000

EC 9)CEG XCF(2)+. 069179 0000

M( §)=CMG XCF(3)+,S 269180 0000
[L(1@)eCLP XCF(1)+, 269190 2000
E(1@)=CEP XCF(2)+. 069200 0000
M(10)sCMP XCF(3)+. 069210 0000
IL(11)=CLACECF(1)+.5 0695220 Q000

IE(11 )oCEACXCF (2)+.5 069230 2000
IM(11)=CMACXCF(3)+.5 069240 0000

C  eccvccac-- eemremccr et e ————— --~ Q6925¢C 000
¢ CALCULATE SEGMENT COST/FQOT FOR LABOR, EGUIPMENT AND MATERIALS 069260 0000
PFeQ Q69279 0000

SECPF 2 065280 0000

SMCPF <0 069290 0000
»1,11 069300 Q000
SLCPFeSLCPF+IL(LL) 069310 0000
SECPF«SECPF+IE(LL) 06932¢ 0000

815 SMCPFeSMCPF+IM(LL) 069330 0000

¢ TSCPF=SLCPF+SECPF+SMCPF gggg;g 8882
C CALCULATE TOTAL SEGMENT COST/FOOT FOR EACH COST COMPONENT 269360 0000
TCES = IEC 1)+IMC 1)+IL( 1) 069370 €000

TCE = IEC 2)+IMC 2)+IL¢ 2) 069380 0000

TCML = IEC J)+IMC( )+ILC ) 9390 ¢

TCHN = IEC 4)+INC 4)+IL( 4) 069400 0000

TCMD = IEC S)+IM( S)+IL( &) 0695410 [

TCTS = IE( 6)+IM( 6)+IL( B) 269420 0000

TCL o IEC ?)¢IMC )+ILL ) 069430 000

TCFW o IEC 8)+IM( 8)+ILC 8) 069449 0000
IR e et i e

TCAC = IE(L11)+IM(L11)+IL (1Y) 069470 0000

[ -= 069480 0000
[+ CALCULATE TOTAL SEGMENT COSTS IN THOUSANDS OF DOLLARS 069490 0000
TLC « SLCPFSSSEGL/10600. 069500 0000

15 © BRI Bt Seoe

¢ TSC » TLC+TEC+TMC osggse 0000
Tmese- m-- ——— 26864¢ 02e¢
IFCLIST(7).EQ.1) GO TO 840 069556 0000

WRITE OUT THE SEGMENT COSTS FOR LABOR, EQUIP, MAT, AND TOTAL 069560 0000
ISSEGLSSEGL 86957¢ 9000
NSSEGB(I,2) 06958¢ 0000
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Al44




o0

o0 O

[elele]

840

86¢ SFT
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WRITE(LO,2001) SEG, (IL(JJJ), JJJe1,11)
G e
URITE(LO.2004) TCES, TCE, TCHL, TEMN, TCAD, 1878, Tel, TCFu,
1 TCG,TCP,TCAC, TSCPF, xsstcL téc

NLINESeNLINES+6

ACCUNULATE SHAFT SEGRENT COSTS INTO COST OF SHAFT
SCE»SCE+TEC

8CMeSCM+THE

$CT=SCL+SCE+SCM

END OF COSTS ON A SEGMENT BASIS

CONTINUE

LIST QUT TOTAL COST OF SHAFT

IF(LIST(7).EQ.1) GO TO 860

WRITE(LO,1084) SHAFT(NSHAFT,12),5CL,SHAFT(NSHAFT, 15)
1 SHAFT(NSHAFT, 13),SCE, SHAFT(NSHAFT,14),s¢M, CFLWUK, 5C%, CFEWWK
NLINES=NLINES+?

accununnfa FOSTS OfF ALl SHnFTS

TLC*SFTTLC+SCL

SFTT ECaS FTT C+SCE
FTTMC=SFTTMC+SCM

SFTTc-SFTTLC»SFTTEC#SFTTHC

SHAFT(NSHAFT, 19)eSCL
SHAFT(NSHAFT,20)=SCE
SHAFT(NSHAFT, ax)-scn
SRﬁFT(NSHﬁFT 82)=5C

END OF COSTS ON A SHAFT BASIS
CONTINUE

PRINT REACH COST SUMMARIES
IF(LIST(B).EO 1) GO TO 965
WRITE(LO 9)

NLINES=

DO 960 NREACH=1,NTRMAX

IF (TRDATA (NREACH 1).LT.-10 £29) GO TO 960
NSHAF T=TRDATA (NREAC

RCE « TRDATA (NREACH, 18 )
RCMe TRDATA (NREACH., 19)
RCT=TRDATA (NREACH, 2
URITE(LO 16045 HBEacH NSHAFT, SHAFT (NSHAFT, 15 ), (SHAFT (NSHAFT,JJ),
=12,14),RCL,RCE,RCH,
s NLINES+
:s Lzasc> GO TO 960

(2
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COSTUN Listine tCont bnted)
UR}NEzLo.xloo)
NSHAFTs{,N
; <sunr?(~sunrr 1), LT -10.€29) GO TO 970
CLeSHAFT (NSHAE S,

SCT=SHAFT (NSHAFT, 2

¢
URITE(LOEXSOI) NQHAFT SHAFT(NSHAFT, 15), (SHAFT(NSHAFT,JJ),JJ=12,14) $

1 ,SCL,S :
N(! Eé-n tNE
IF(NLINES.LT. sa) GO To 97¢
WRITE(LO, 160
NLINES*S
970 CONTINUE
§75 CONTINUE
T0TAL PROJECT consrnucrxou cosTs
TLABOR«TUNLC+SF
TEQUIP« TUNEC+SF Hes
TNATER » TUNMC +SFTTNC
TCOST+ TUNTC+SFTTC
PRINT PROJECT SUMMARY SHEET
WRITE(LO,2) TITLE
URITE(LO, 1805) B TUNLE, O, TUNEC, TUNTIC TUNTC
WRITECLO. 1006) SFETLC,SETTEC, SETHMC, SFETC
WRITE(LO,1087) TLABOR, TEQUIF, Tnnren TCOST

RETURN TTTTTTTommmmmmmmmmmmmmmm

L1

- L T = P - = = - A S e e P - -

2 FORMAT(1H1,10(/),50X%, 70(1Hl) /,5@x%, 1HX, 68X, 1KY,
11007, 50X 1H%,2x, 16A4, 2X, 1H
X, 1HX, 68X, 1Hx, ,sex 70(IHE), /77 )
1004 FoRMAT! 1Y 119C1H=)077, 7%, 14HREGIONAL CosT.6X, LOHCOST INDEX, 10X
oH -~ LABOR ,Fs.2, X,25HSHAFT LABOR COST ........,19/
7%,9HFACTOR * ,F5.2,26X, SOHEQUIPRENT LF5. 208
2SHSHAFT séuxén:ur COST ....,19/
47X, 1QHMATERIALS ,F5,2, 5X,85HSHAFT MATERIALS COST .....I9/
X iSHLA)OR WORK ' WEEX F5.2 5X,35HEHAFT COST «vvvvovoeers.nn 197
41% UIP WORK WEEK FS.2
ronnér(sox,xvupnorxf nnkéxn ,FS.2,3
IEHT L TONNEL LABOR 605?.....(:1900) 18/,
50x, 17nouenusao HARGIN
J6HTOTAL runus[ scuxphsuf COST.vuurn.n, 197,
76X JEHTOTAL TUNNEL "ATERIAL COST....0.0.0018/0
JEHTOTAL TUNNEL COST..................,19/)
1006 ronnnrc// 7sx JGHTOTAL SHAFT LABOR COST....vvvnsssnod9r
76X, IGHTOTAL SHAFT EQUIPMENT COST....vss o197
7sx JEMTOTAL SHAFT NATERIAL COST...ll....018/
76X, 36HTOTAL SHAFT COST.eo.venr..
1097 ronnnr</zﬁvsxaasn OTAL PROJECT LABOR COST ..

s X, 36 HTOTAL PROJECT MATERIAL COS7..... -
1500 FORHAT(lui N 34(xnx).son TUNNEL REACH cOoBT sun
M A A8tiRxs, 0 1ax, tOHEXTT REGIONAL ,6(1H3),

w

1005

QLo W CNIIAUN:

(511

teo e s e

Ry

-
(-2
N
(o
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COSTUN Listing (Cont inued)

08T INDEXES,B(INX), 10X, 17(1hk) 1su S08TS (31008) , 1dLiKe)/, 070750 0200 :

g“@aﬁae e sHaFT’ clsT T Fact 6 BoR__EQUIP ‘mATL, 070762 0200 :

4 16X, 41HLABOR EOUIPHENT MATE TOTAL, 119(ik=1/) Q70770 0000 i
1801 FORMAT(4X, 13,8%,13,7K,F4.3,2%,3(4X, r4 a: 11K, 4(3%, 16>/$ 270780 €000
1600 FORRAT( 1M1, Tk 4l (108 37 S WA F'T €68 % 50 ARY , 70792 8029
41(iH3)/7" 83X, 1OHREGIONAL  ,6(1kE) Sancost INDExEs ctxnx:. 070800 0000
10X, 17(1H%), 164 COSTS ($1000) ,16 (1ui)/ 3X,BHEMAFT, 970810 0000
3 3anlosT racfon CADOR EQUIP " WATL,18 070820 0000
4 41HLADOR QUIPMENT  MATERIAL ToraL, . 1 119(1H-27) 070830 0000
1601 FORMAT (4X,13 1ax F4.2 2x 304X, Fa.d),11x, 403K, i 070840 0000
2000 FORMAT(1HI, #(1n §h co'sT 970850 0900
1180H SHAFT txixxxlxn:txttt cosr 1N DOLLARS SER FOOT OF SHAFT 970860 8900
etlxxtntxxxtttxl SEG  SEGMENT SEGMENT / 970870 9000
3180 NO EXC EXC  MUCK MUCK MUCK SUP- LIN- LIN GR 070880 0000
2 ouNe- WOR- Eost LENGTH cos 7 970890 0000
5120H SETUP LOAD MOIST DISP PORTS ING FORM 70960 8000
€ xnc COND (:zrr) (FEETS " (81000 970510 0000
? X,119(1H=) 070927 0000
2001 roRnﬁrcz 1x,13, Is au L,1216,8x%,110) 070930 0000
2002 FORMAT (9X, ,1816,8%,110) 070940 0000
2003 FORMAT(9X, au n 1axs.sx,xxo1 070950 0000
2004 FORMAT(9X, 1216,18,110) 070960 0000
3005 FORMAT(1H1,6H sunrv i *"§6 A PORTAL OR A DUMMY SHAFT ALL CO 070970 0000
1STS ARE 2ERO”) 070980 0000
----- - c———- - 270990 0000
071000 2000

RETURN 071005

END 971010 0000
SUBROUTINE CVINFA(A cnp CUMSL, HH, NPBS, NSEGS , RMLIAX, DTCA,NRSEG1, 071029 0008
1chnn UCHCP, NTSMAX , NPH 071030 0000
¢ NENS TN ACNTSMAX, ss). CNP(NPPAX, 2, CUNSL(NPMAX ) 3;{328 gggg
¢ THIS SUBROUTINE COMPUTES TWE TOTAL LENGTH OF SEGMENTS WHICH ARE 071070 0000
¢ EXCAVATED IN FREE AIR BUT NEED CONUEYOR BELT FOR FURTHER 971080 2000
¢ EXCAVATION IN COMPRESSED RIR. [T ALSO COMPUTES THE COST OF 071090 0000
¢ COMPRESSED AIR PIPING 071100 0000
¢ - - - —-—- 971110 0000
DTFACN«Q. 071120 0000
UCMCP 9. 971130 0000
NSEGSA=1ADS (NSEGS ) 871140 0000

e S S 971150 0000 :
DO 100 I-1,NSEGSA 071160 0000
J*NSEGSA z+z e71176 0000
N=NRSEG1+J 071180 0009
IF (NSEGS . LT.O) NeNRSEG1-J+1 071190 0000
ASTADeACN,31) 071200 0090
DMeA(N, 465 071210 9999
TSEGL*A(N, 45) 971320 €000

¢ CHECK Last SEGMENT IN THE REACH AND SET LOCK POSITION 07133¢ 0000 i
SFUT EG 3) NBLOCKSAL 071240 0000
¢ CHECK THE POSITION OF AIR LOCK FOR THis SEGMENT UITH THE POSITION 071250 0000
¢ FOR THE NEXT SEGMENT I conpa:ss 071260 0000
IFC ABS(ACN 38)).E_NPLOCK) GO T 071270 0009
¢ CHECK IF ThE SEGM xn conpnsssen T 071280 0000
IE(ASTAB.NE. 11 GO 071200 0000
10 s Cke ABS(A(N,36) 071300 0060
ot K-Al‘tCUﬂSL(NPLOCK)-CUﬂSL(NPls €71310 0009

¢ FIND THE SURFAGE NODAL POINT OF AIR LOCK 071320 0000 1

(Continued)




COSTUN Listing (Cont inuned)

13 (T :9) G0 T0 6o ¢7133% sees
( LT, 3
i it gt
f N
ﬁ:%fﬁ‘nuf‘ b 271370 0060
Q0 TO 7 071280 2000
60 NN=NRSEG1-K+1 871390 @
NPREND*A (NN, 3) €7:490 9
NPS=A (NN, 18) 971410 2000
2 15‘#?#33‘ .EQ.NPREND) GO TO 9@ e11420
¢ CALCULATE COST OF COMPRESSED AIR PIPING 071449
90 DTHLOK<CNP(NPS, 2 )~-CNP (NPLOCK ,2) 0714502 0
EgC:Lz-RHxSZBO.-DLOCK+DTHLOK g;;:;g 000
gcncg-ucﬁcﬁ+(as +0.0018XCAUT-0.000000015XCAUTEX2 )XPUNPLT/ DTCA 33%:33 00
50 IF (MSTAB.NE.1) DTFaCN-DTFACN+TSEGL 271502 0000
xrtnsran EG.1.AND.I.EQ.1) GO TO 1 071510 Qeee
‘ 160 CONTINU 871520 0oee
: ¢ COMPUTE THE INSTALLATION COST OF CONVEYOR IN THE FREE AIR SEGMENTS 071530 6606
L CLXND-(O 31XSGRT(RMLMAX+48. )+1.38 )XDTFACN/DTCA 071540 2000
[ nz 071550 0000
; END 871560 0000
SUBROUTINE LOCKLT(R,NSEGS,RMLNAX, TN, ALOCK, ALOCKL,NTSMAX, NRSEG1) 071530 0066
| ¢ BRI acTinnc i grifee su
¢ LOCKLT conpur:s NUMBER OF AIR LOCK LOCATIONS AND LENGTH OF AIR 071600 0000
¢ K_IN A REAC 071610 0000
¢ ——ea - 071620 0009
ALOCKe1, 971630 0000
ALOCKL30. 071640 0000
Med 071650 0000
NSEGSA« IABS(NSEGS) 271660 0000
¢ - 071670 0000
¢ NUMBER OF AIR LOCK LOCATIONS IN REACH 071680 0000
DO 109 11+3,NSEGSA 071690 0000
x-uasscxo(:i -1)ENSEGS/NSEGSA 271700 @000
MSTAB=A (I, 31) 07171¢ 9000
IF(NSTAB.NE.1) GO TO 100 071720 0000 ;
FeM+1 971732 0000 ;
¢ rzasr conpnssssn AIR SEGMENT 071740 0000 i
IF(M.NE.1) GO TO 10 871750 0000 '
NPLocx-n(x 0, 071760 0000 r
. F(NPLOCK.LT.0) Me-1000000 071770 0000 ‘
10 !F(NPLOCK NE.A(1,36)) ALOCK=ALOCK+1. 071780 0000 '
e e e - 371790 0000
¢ LENGTH OF AIR LOCK 971800 2000
IF(MTM.NE.3) GO TO 100 271819 0000
AReA(I,8) 07:82¢ 0000
DM=AcT.46) 071830 0000
CARS« ({.+@.7/(DM+2. ) JERALMAXE(Q. 9650, 125Dux20.333 071840 0000
] 1, +ARX(0.06+8.023XDN-0. 12XDNXX0. 3330, 300 271850 0000
i 1F(CARS,LT,1.) CARSe]. 071860 20ee
ENGINE « CARS/ 11. 071870 0090
IF(ENGINE.LT.1.) ENGINE«1. 071880 0090
ALOKLT=17. §(CARS, ENG InE NE+{.) 87:185¢ 900¢
IF(ALOCKL.LT. ALOKLT) QLOCKLGQLOKLT 271906 Ga00

(Continued)
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COSTUN Listing (Continucd)
100 CONTINUE 071510 0020
-—- - cm-e 071926 00¢0
asos( o NEGATIVE FOR coo ING PLANT FOR FIRST LOCK MOVED FRON SHAFT 071936 0660
T8 GROUND SURFACE ABOUE SECOND LOCK PGSITION 071940 0000
F(M.LT.0) ALOCK-ALOCK 071950 0020
TUIN 071966 9000
071970 0000
TINE CSETUP(A,D,NSEGS,NSEQL,BE,HH, ITYPE, I, SETUSH, SETUPM, ¢71980 0000
‘N runn CLES, CEES, cmES. CFLUUK, CFEWUK, RSTVP, DSES, DNES, DRES, NTSHAX, 33%333 9000
¢ - - - 072000 0000
¢ CSETUP DETERMINES THE AVERAGE COSTS INVOLUED IN SETTING U® THE 072010 0000
g NECESSARY EQUIPNENT TO EXCAUATE EACH SEGAENT g;gggg 8883
DIMENSION a(ursnax,ss).n<nssnnx 43) 072050 0000
¢ - - 072060 0000
xr(nsrvp £0.3) GO TO 500 072070 0002
c INITIALIZE 272080 0009
UCLSS 0. 072090 0002
UCESS+9. 072100 0000
UCMSS-9. 072110 0000
UCLMS=0. 972120 0020
UCEMS=@. 872130 0009
UCHMS-0. 072140 0000
UCLRS=9. 072150 0000
UCERS=Q. 07 2000
UCNRS Q. 072170 0000
¢ - - 072180 0000
IFC(ITYPE.EQ.2) GO TO 200 072190 0000
¢ TUNN 072200 0000
¢ FXRST SEGMENT 1~ THE nsacu 072210 0000
IF(I.NE.NSEG1) GO TO 072220 0000
¢ DETERMINE TNE TOTAL LENGTH OF SWMIELD, MOLE AND RIPPER EXCAVATED 072230 0000
¢ SEGMENTS IN A REACH 072240 0000
DSES+0.0000001 072250 0000
DMES+0.0000001 072260 0000
DRES=0.0000001 072270 0000
nsecsa-xnnS(stosa 072280 0009
DO 10@ NNe1,NSEGS 072290 0000
n-nsec1+<~n l)xNSEGSINSEGSn 072300 0000
MEX®A(M,7) 072310 0000
TSEGLeA(M ,45) 972320 0000
1r<n£x LE.1.0R.MEX.GE.6) GO TO 100 07 0008
- c SHIELD 072340 0000
{ IF(HEX GE.3) DSES«DSES+TSEGL 272350 0000
c E 972360 0900
xrcusx LE.3) DMES=DMES+TSEGL 072370 0900
RIPPER 072380 0000
xr(nsx EQ.5) DRES+DRES+TSEGL 072350 €000
109 CONT ue 872400 €000
150 MEXeA(] e72410 9000
IF(MEX. Ls 1, oa.nsx.cs.s) GO TO 490 072420 0900
¢ SHIELD § s 072430 0000
IF (MEX. .3) c T0 1 072440 €000
ue ss-(aoooo.¢3 xuuoos SDE2X2 ) XSETUSH 072450 0000
| R B L e sess
¢ MOLE SETUP COSTS 072480 0000

(Continued)




COSTUN Listing (Continued)

F(MEX.QT.3) GO TO 179 072450 9000

160 6 e ( «+16.2HH+152. X (BE+12, )32 )3SETUPN 972500 2000

o (@5000.+6. XHH+234. S (BE-10. 538 )RSETUPH 072510 0000

Rf o2 .xntxxexsgrupn 872620 0000

¢ PPER SETUP CO 07 2000

170 zr( X.NE.B) GO TO 400 072540 0000

NG00 +olB (. 26 OBEBE )+6 . BXBEXER ) ESETUPR 072560 2000

uc:as- 1000.+0. 78HH+1 . 5X(BE+E. 1Xx2 )XSETUPR 072560 0000

MRS e (150, +0. 098HH+0 . 38BEXX2 ) BSETUPR 078570 0000

0 TO 400 072580 0000

¢ - - 072590 0009
¢ SHAFT 072600 9
200 IF(I.NE.NSEG1) GO TO 350 072610 9

DSES=0.0000001 072620 200

DNES=0. 0000001 072630 2000

DRES+=0.0000001 072640 0000

¢ DETERMINE THE rornL LENGTH OF SHIELD AND MOLE EXCAVATED 072650 0000

¢ sscnznrs IN A 072660 0000

s . 072670 0000

scr 272680 2000

DO 3oe NN-1 NSEGS 272690 2000

MeNSEGL+NN-1 272700 0800

MEX=B(M,7) 72710 0000

SSEGL-I(H k-3 7272¢ @900

IF(HEx-a) 300,220,210 072730 9000

¢ SHIELD 072742 0000

210 DSES-BSES+SS EGL 072750 2920

IF(SETUSH.LT.1.) SETUSHe1. 72760 0000

IF(HEX EQ.4) GO TO 300 72770 0020

¢ MOLE 972780 0000

220 DMES-DMES+SSEGL 072790 0000

IF (SETUPM.LT.1.) GO TO 25@ 072800 0000

IF (MEX. ze 3akd: “NEXP. eo 3) SETUPMaSETUPM+Q.125 972810 0000

G0 T0 3 072820 0000

259 ssrupn-z. 072830 0000

300 MEXPeMEX 073840 0000

- - -- 972850 0000

350 MEX=B(I,7) 072860 0000

c SHIELD éeruw COSTS 072870 0000

IF(NEX.LT.3) GO TO 360 072880 0000

UCLSS«(2000.+930, xneaxse TUSH 072890 0000

UCESS«(S00.+14.X(BE-5, )XX2 )XSETUSH 072500 0000

UCMSS = ( 30 o.+tae 3.)282 )XSETUSH 072910 0000

¢ MOLE SETUP C 072920 0000

369 IF(.NOT. cnsx ao 2.0R.MEX.EQ.3)) GO TO 400 072930 0000

UCLMS e« (130.X(BE+S, 1x%2+65000. )XSE TUPM 072940 2000

UCEMS=(165.3(BE-10. )x52+20000. )XSETUPM 072950 2000

UCMMS= (30.X(BE-10. )Xx2+3200. )XSETUPM 072560 0000

¢ S ---~ 072970 0000

¢ TOTAL SETUP COSTS 072680 0000

400 CLES-tUCLSS/DSES¢UCLn5/DHES+UCLRS/DRES)KCFLUUK 972990 0000

CEES = ( UCESS/DSES+UCEMS/DMES +UCERS.DRES ) XCFEULK 973000 0000

CPE S ~UICRSS/DSES +UCNNS /DRES +UCARS /DRES 073010 2000

g et sese

$00 CLESes. 073040 3900 3
CEES*9. 973056 9000
CMES=9. 073060 0009

(Continued)
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COSTEUN Listine (Cont inaed)

RETURN

€
CEE,CME, ITYPE NEX AR, BE,RS, ISHAPE SFA, SFP
‘UNgQOUTINE COEX(CLE‘ EE,C “‘I W] ¥ t

PSOIL, STABNG,D sL,uBdx, usol
nc:nr uouns ¢. .DA, ns+an.cr£ca crLuux.. EWWK, N

,uabcx Fur,

COEX CALCULATES EXCRUQTION COSTS Ih TUNNELS AND SHAFTS

IF(NSTYP.NE.2) GO TO 110
CALCULﬂTE UEIGHT OF SHIELD

l;(ISNhPE €0.3) Fe1.56
IFCITYPE.EQ.2,.AND, ISHAPE.EG.2) Fe2.
UTSHLD=(0.8374SART (81 . ¢FIIEXIE)-O 038)!PSOIL!$TﬁlN0132!SFP

IF(ITYPE.EG.2) GO TO 100
AL CULATECORET 05T 0F "TUNNEL EXCAUATION

CHECK TUNNEL EXCAUATION METHODS

60 TO (120,220,320, 420,529,620,620),MEX

ROCK TUNNEL

CONVENTIONAL EXCAUATION

G0 TO (121,122,123), ISHAPE

SHAPE 15 CIRCLE

UCL=8.875(BE+40. 1282100,

UCE=0.046% (BE+15. )x82

ucn-sra;senrtns)xnsxxa/aooo .+(@.11%(BE+10.)8x2-25. ) /AR

GO TO 1

SHAPE IS HORSESHOE

UCL=0.08%(BE+40.)332-110.

UCE=0.053(BE+15. )x%2+4.,

ggﬂ;gf?ngRT(RS)!)EttE/EOOO. + (9.12%(BE+10.)xx2-22. )/RR
SHAPE IS BASKETHANDLE

UCL=0.12BEXX2+60.

UCE=Q.04X(BE+5.)X32+17.

UCH=SFAXSART(RS )XBESX2/2000. + (D.133(BE-5.)2%2+14.)/AR
CONTINUE

GO 70 _8oe

MOLE EXCAVATION

UCL=0.021XBEXX2+5S,

UCE=0.048%BEXI2

ggﬂ-(SOOO.+RS+12000O.IAR)XIE!lE/EEOOOO.

SO{EDGROUND TUNNEL

UCL= (55,490,021 XBEXX2)XCFLCA
UCE=0.048XDEX22+0,000035XUTSHLD

ggﬂ-é.83:5+0 < G2XHOURS/AR )XBESX2+(6.5+0.0SXBE ) FHOURS /AR
HAND EXCAVATED

UCLe(0.1X(BE+6.)x32+30, )XCFLCA

UCE=0.025(DE+7, 132240, 090035 XUTSHLD
UCH;(..S#O.BS!'E)!HOURS/QR

6o
RIPPER EXCAVATED

(Continued)

Al51

972070
073080
073060
073100

973110 00

073120

®

073649

-~




COSTUN Disting (Continued)
20 UCL-(BO.*Q.O:t(lE¢4 1XX2 )XCFLCA 073660 0029
s UCEe1R. +0. 23DE+0. 0003ISATSHLD 073660 2006
gcn-éa.ooo.osxlt):uouns/aa g;gg;g 883:
c EEREERXRERILARLXEXXRZEAXXXXRLEXRXXXAXEERAXKXAEXEAXXXTARBLARRKXXXXLRS 973650 L]
¢ cg? AND COVER 073780 2006
620 1F (DROCK.GE.DTRNCH) GO TO 70@ 273710
¢ OPEN CUT INUOLUING ROCK EXCAVATION 073720 09
UROCK »BEX (DTRNCH=-DROCK ) 727 073730
UCLROK*71 .49, SStaRtUROCK/H 073240
UCEROK=15.+(9.4+0. 0035!DTRNCH)IARIUROCK/HOURS 273750 0
UCMROK= (1. 1+0. 00068 ( DTRNCH+DROCK ) ) XUROCK 973760
IF(UCLROK.LT.B4.75) UCLROK=84.75 073770 2000
IF(QR!UROCKIHOURS LT7.25.) UCEROK=15.+(0.4+0,0035xDTRNCH)%25. 273780 o
IF(DROCK.GT.®.) GO TO 659 273790 2000
¢ ALL ROCK , NO SOIL EXCAVATION 073800 020
VS01L-0. 973810 2000
DCENTs=Q., 073820 0200
UCLSOLe0. 973830 ¢eee
UCESOL=0. 073840 000
UCHSOL=0, 073850 0000
GO T0 75 073860 0000
¢ SOME ROCK, SOME SoILl EXCﬂUATXON 073870 2000
c ettt L DL LSl e bbbt bbbt el ——- --- 073880 000¢
¢ SOIL EXCQUATION 073890 0000
6560 USOIL«(BE+DROCKXSIDESL )XDROCK/27. 973900 0000
DCENT«DROCKX(1. SllE+DROCKxSIDESL)/(BE#DROCKXSIDESL)/a. 073910 0000
IF(SIDESL.LT.1.) GO TO 670 273320 0200
!F(ﬂRtUSOIL/HOURS LE. 500 ) GO TO 670 973930 000¢
¢ SOIL EXCAUATED BY SCRAPERS 073940 0004
660 SCRAPR-ARxUSOIL/HOURS/(390 -Q.9xDCENT) 973950 00020
IF (SCRAPR.LT.1. ) SCRAPRe 073960 0000
PUSHER*SCRAPR/ 4 0?3970 0000
IF (PUSHER.LT.1.) PUSHERe1, 073980 0000
UCLSOL=17.+8. Ox(SCRnPRoPUSHER) 073990 0000 !
UCESOL=19.XSCRAPR+1Q.3PUS €74000 €00e i
UCHSOL-(S SXSCRAPR+3. oxPUSHER)xHOURSIQR 074010 0000 E
GO T0_?Se@ 074020 2000 b
¢ SOIL EXCAUATED BY DRAGLINE Q74030 000 )
670 BUCMIN®10.-0.7XSQRT(160.~-DROCK 074040 0000
680 BUCKET=2.5X(ARXVUSOIL/HOURS/ (1. 05 0.000143(PHI~-50.)xx2)-49.) 074050 Q000
s(1790.-DCENT) 74060 0000 .
IF(IUCKET LT.BUCMIN) BUCKET«BUCMIN 074070 2000 1
UcLsoL=18.9 274080 2000
UCESOL*13.0+0.85%BUCKE Tx22 074090 0000
UCHSOL- 1.13BUCKETXVUSOIL/(40.+0.43(170.-DCENT )SBUCKET) 074100 0000 §
1 1.05-9.0001 42 (PHI1-50, )x22) Q74110 0009 ‘
GO TO 5 274120 0000
c -— —— -— -- 074130 2009
c SOIL EXCAVATION ONLY, NO ROCK EXCAVATION 074140 0000
700 UROCKeQ, 074150 0000
UCLROK 9. 074160 0000
UCEROK 0. 274170 0000 '
UCNROK =0 . 974180 0000
USOIL-(lEoDTRNCHtsIDESL)lDTRNCH/a 074190 0000
DOENT-DTRNCN!(l leE¢DTRNCHISXDESL)/(lE#bTRNCH!SIDESLJIS. 074200 0000 |
IF(SIDESL.LT.1) GO TO 729 074210 9000 i
IF(&R:USOIL/HDURS.OT 508.) GO TO 66@ 874220 0000 A
(Continued)
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COSTUN Tistine (Continued)
728 BUCMIN®10.-0.78S0RT(160.-DTRNCH) 274230 0000
GO TO 680 074240 000¢
¢ -—- s 374250 0000
¢ CO8TS OF BACKFILL 274260 0900
e el tricie e
UCLBAK®
UCEBA 274290 2000
B AR oS UB0X )/ HOURS . LE. 1200.) GO TO 76€ 974300 8000
UCLBAKe82. X(U-UBOX ) SAR/HOURS /1200 . 074310 0000
UCEBAK =32 . 5(U-UBOX )3AR/HOURS #1200 . 074320 0000
760 UCPBAK=0.91%X(U-UBOX) 074330 3000
UCL=UCLROK+UCLSOL+UCLBAK 074340 0000
UGE «UCEROK +UCESOL +UCEBAK 374350 0000
ggﬂ-UCﬂ:OKOUCHSOLOUCHDhK g;:ggg gggg
[+ EEXXXEREXEITAXEXIEXEXIETEXRXXBEERIARAAXKNREXRXXARLXAXKAAXXATENLNXRE D74382 2000
¢ CALCULATE UNIT COSTS OF SHAFT EXCAVATION 374390 0000
100 IF(NSTYP.EG.3) GO TO 500 074400 0002
GO TO (140,240,340,440),MEX 074412 0002
¢ ROCK SHAFT 374439 2000
¢ CONVENTIONAL 874430 0000
140 UCL=30.+4.258BE 074442 0000
UCEe8. +2.2XBE 074450 0000
ucHs (4 2 15Re-2000000. XBESXR + (.B+RS/40000.+3.4/ARXBE + 5. 874460 0020
GO TO 890 074470 0000
RoLER 274480 0000
240 UCL=0.032¢BEXT2+84. 374490 0000
UCE=0.072XBEXS2 274500 2000
UCH= (5000. +RS+120000 . /AR YXBEXX2/ 150000 274510 2000
G0 T0 800 974520 0000
e T @74530 0000
¢ SOFT GROUND SHAFT 274540 0000
¢ MOLED 074550 0000
340 UCL-(0.932xBE12484.0)2CFLCA. 074560 0000
UCE=0.072XBEX32+0, 000035 8WTSHLD 874570 0000
UCH2 (8.045+0 . 03XHOURS )XBESX2+(8.5+0. 0STBE ) IHOURS /AR 874580 0000
GO TO 800 074590 0000
¢ HAND/SHIELD 274600 0000
44¢ IF(ISHAPE.EG.1) UCL=63.08CFLCA 274610 0000
IF (ISHAPE.EQ.2) UCL=70.8¥CFLCA 274620 9000
UCE=7.40+0,000035 XU TSHLD 974630 0000 ]
UCM=(3.70+@.05XBE ) SHOURS /AR 074640 0000 i
80@ CLE-UCLX(HOURSXCFLUUK+YXDM) /AR 074650 0000 ;
CEE=UCEXHOURSXCFEUWK /AR 074660 0000
CME «UCH 074670 0000 }
60 T0 900 074680 0000
. ¢ 074690 0000 J
500 CLE=0. 874700 0000
r CEE=0. Q7471¢ 0000
. CHE=0. 074720 0000
¢ 074730 9009 s
see RETURN Q74740 0000
074750 0000
SUBROUTINE CMUKLD(CLML, CEML ,CHNL ITYPE,MEX,AR, DM, U,Y,RNY,RMLNAX, 074760 0000
c ! NSTA i.crnéa.crtuux,c#suux HOURS> g;:;gg 9008 1

¢ - --- 974790 0000
¢ CMUKLD CALULATES THE COST OF MUCK LOADING IN TUWNELS AND SHAFTS 074806 0006
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COSTUN HistCing (Continued)

IF(MEX.EQ.1.0R. HEX EO 4) GO TC 100

EOADING CO8TS QRE ZERO FOR MOLE OR RIPPER EXCAUATION AND FOR
cET{ﬁ#D*COUER SEGNENTS
.

CENL -0

CANL-0

Q@ TO 300 ________________________________________
CHECK FOR TUNNEL OR SHAFT

IF(ITYPE EQ.2) GO TO 2e0

----------—---_---------------_------———-_----_------——_ ..........

UNNELS
UCL-9.30tCFLCa

UCE-3.

IF (RMLMAX.GT.100.) UCE=E.6@
IF (RMLMAX.GT.300.) UCE=12.90
UcM=9.02

GO TO 26@

- - - - - - - - - - - - -

IF (HEX.EO 4) GO TO 5@
UCL=9.30xCFLCA

UCE*3.50

UCMe1.50

CALCULATE MUCK LOADING COSTS
CLML=UCLX (HOURSXCFLULK+YXDM)/AR
CEML=UCEXHOURSXCFEWUK /AR
CMML=UCMIY

RETURN

sunoums CMTAH(GCLMT,CEMT, CANT, CLMH csnu ChMH, 1TYPE, NI, DN, AR

1MSFA, U, HH, LINING, RML, RNLNAX , H bPe BE, 1sHAPE, R ucLT ucES, v, ucinn,

ausca.uésnn NSTAB DLocx.cunb HOU éN DCENT, UBACEX unacﬁs UBOX
UsOTIL, uaocx.fonox crwux,creuux cr[ca DDS,NSTYP, DTRNCH, bnocf()

CHThH CALCULQTES MUCK TRANSPORT COSTS IN TUNNELS AND HUCK HOISTING
COSTS IN TUNNELS AND SHAFTS. 1T QLSO CALCULATES COST OF TRANSPORT
FOR BACKFILL IN CUT-AND-COUER TUNNEL.

SHAFT OR TUNNEL
IF(ITYPE.EG.2) GO TO &0@

IF(NSTVP €qQ. 3) GO TO 2000
COST OF _MucK TRQNSPORT IN TUNNELS
GO TO (20,60,40,80),M

TRUCK TRANSPORT 2» TRUCK UOLUHE/4

IF(ISHQPE LE.2) Z'S e - ¢.001%(70. ~ BE)IX
F(ISHAPE.EQ.J) 2°4.5 - 5!(]5-50.):!4/33000.

TRUOKS-. .GlRHLHﬁX/ZtDﬂ!t‘.?

IFCTRUCKS.LT.1.) TRUCKSe1.

(Continued)
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l '
1 COSTEN Listing (Continued)
UClLe"?. 7ITIUCK$¢7 1 278392 0030
C&-(1.503 1352)x7 275400 41
UCN=0.068(1 .40, 71:a15(HsLope))an 075410 009
0 TO 400 275420 €000
¢ .- -—-- 975430 0000
4 ¢ RAIL TRANSPORT - FREE AIR 076440 000
] ¢ CALCULATION OF NUMDER or CARS 075450 2000
40 CONTINUE 376462 000¢
CARS= (0.06+0. 1REDNXXO . 333 )IRNLMAX 075470 2000
1 + AR/300.3(0,06+9 .oaaxnn-o.xaxnnxto 333 )XRMLMAX 875480 0000
IF(MSTAB.EQ.1) GO TO 1006 976492 0000
¢ 44 IF(CARS.LT.1.) CARSet. :; :?g 2000
- - > \od
c CALcuLnTION OF NUMBER OF ENGIMES 975520 000
ENGINE=CARS/11. 075530 @000
; 66 IF(ENGINE.LT.1.) ENGINE=1 075540 0000
UCL»1S, IENGINE*? 14!(9"01 y+AR/ 12, 075550 0000
UCEsS. atENcINE*cans+1 43Dt 075560 0000
UCN=@.9 075570 0000
G0 TO 400 075580 ooee
¢ - seesemcmecsow 07559@ 2000
¢ RAIL TRANSPORT - COMPRESSED AIR 375630 00QQ
¢ 075610 0020
1098 DCR<9.12DMX5288. 875620 0003
DCA'DM-DLOCK/SZSO. 075630 0000
IF(DCR,GT.500.) DCR*509. 075640 0000 "
CARS* (1. 00.?/(DH¢2 Y )XCARS 275650 0000
IFC(CARS.LT.1.) CARSe1. 075668 0000 3
ENGINE-CARS/xl. 075670 0000 k
IFCENGINE.LT.1.) ENGINE 075680 0000 1
¢ CALCULATE NUMBER OF CREus INSIDE AND OUTSIDE THE AIR LOCK 275690 0000 7
CREWUAD=1.-ENGINEXX4/4000 075700 9000
IF(CREWRD.LT.Q.) CREUﬁD-O. 975710 Q9000
CREUS*ENGINE+CREUWA 075720 000@ :
CREUCA=1 .+ (CREYS~- 2 )t(DHtSéBO -DLOCK -9.5%XDCR )/ (DM25280,.-1.5%DCR) 975730 2000 j
IF(DLOCK.LT DCR) CREUCACREUS 275748 000Q i
IF (DMxS280.~-DLOCK,LT.Q. 58DCR) CREUCQ- 275750 0000
UCLe1,58(CREWS+(CFLCA-1. )ICREUCA)¢ARICFLCQ/1E. 075760 oe0e
1 +7.14%(DN4 1, 18 (DLOCK/5380 . DCASCFLCA ) /DA 975770 0RO b
ucs-s.axiNGINE+cnRs+1 43DM 97578¢ 9000
UCN=0,833xDN @7579¢ 0000
GO TO 420 Q75800 0000
¢ .—- -—- 975810 0000
¢ CONVEYOR TRANSPORT - FREE A Q75820 0000 1
60 UCL-(0.01319R¢0 GXDH)tSORT(RHLHhx¢40.)00 Q63AR-1.13DM 075830 0000
IF (HSLO! E.cs.e @) UCECON=((1.+4.% HSLOPE):SORT(RnLnax+4o. )-26.3 075840 0000
1 MSLOPE-1.5)XDM Q75850 0009 1
IF(HSLOPE.LT.0.0) UCECON«(SGRT(RMLMAX+4@.)+6,.% HSLOPE-1.5)sDM 075862 0000
IF (MSLOPE.GE.0.9) UCHCONs(@.81+0.83xXHSLOPE ) DN 075870 0000
IF(NSLOPE LT.0.Q) UCMCON=9.61xDM 075880 €000 i
UCENT= 075890 0000 l
i i |
IFCMSTAB.NE.1) GO TO 1100 275929 0000
CONVEYOR TRANSPORT - COMPRESSED AIR 075930 0000
OCLsUELRC D ook Bod0 DEANCELCAI/DY7. TACFLGAS16.8 HEH R
'] . +
c COST OF MUCK TRANSFER IN AIR LOC 075960 0000

(Continued)
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COSTUN Listinge (Continued)
UCENTeS 075970 0000
xr(nntnnx 'LE. 108 UCERT=4.50 975980 006
1F (RALAAX. GF. 308 UCENT=14.50 075590 000
00 R UoEcON+UCENT 075010 0088
1108 UCE- +U o
UCHsUCHCON+UCHNT 076022 &
¢ $TORE COST UALUES FOR USE IN LINING COMPUTATIONS (SUB LINING) 076630 ¢
SO S aTsoRs TRNLMAX 240 )-1. 1) kDM 076040 0000
UCET=UCE €76060
G0 TO 400 076060 0206
§  eeesmecmecemesseecco—cscseceemeee-—e- -- - 276079
¢ ————- —-- - -—- 276080
¢ CONUEYOR AND TRUCK (FOR COMPRESSED AIR SEGMENT ONLY) €76099 ¢
80 IF(MSTAB.NE.1) GO TO 20 976100 000¢
IF¢DLOCK.LE.@. 00%) 0070 60 276110 0000
CAsDR-DLOCK /5280 . 076120 0000
¢ TRUCKS IN FREE AIR 276130
IF(ISHAPE.LE.2) 295.9 - @.Q01X(7Q. - BEX%2 076140
IF(ISHAPE.EG.3) 2=4.5 - @,58(BE-58.)X84/22000. 076150 0000
TRUCKS =0, 0BXRNLNAX 24 (DLOCK /5280 1¥x0.7 276160 000
IF (TRUCKS.[1.1.) TRUCKS=1 276170 0000
f SR ETRe (1 653, 182 )XTRUCKS 076180 0000
UCHTR=0. 85X 1,48, 772ABS (HSFA ))3DLOCK/5280. 276190 0000
¢ CONVEYOR IN COMPRESSED AIR 876200 9000
R CNaDCAR( (1 va FRSCA JISORT (RALMAX+40. )~26 . IHSCA  -1.5) 276212 0000
LCMCON=DCAX (D, o:»o 23iksca 076220 0000
R otA et 6.1 80 70 3500 87623¢ 0000
uczcon-ncax(sant<RnLnax+4o.)+s XHSCA -1.5) 076240 0000
UCMCON=@.01%DCA 976250 0000
¢ KEaTOOF RUGK TRANSFER IN AIR LOCK 076260 0000
1200 UCEMT=8.10 076270 0000
IF (RALMAX.LE. 109. ) UCENT=4.50 076280 0000
IF (RMLMAX.GT.300.) UCENT=14.9 076290 0000
UCMMT=0.02 076300 0000
UCLe ((@.013%AR+0.GXDCA IXSGRT (RMLMAX+40, )40, @6XAR-1. 18DCAIXCFLCA 076310 0000
1. 7 TA(TRUCKSICFLCA ) +23. 94CLINDSAR/HOURS 276320 0900
UCE »UCECON+UCENT+UCETR 076330 0000
UCH=UCMCON+UCHMT+UCHTR 076340 0000
Yotttk i P I 976350 0000
¢ CALCULATE MUCK_TRANSPORT COSTS 076360 0000
€ mmeeme el mesccocdiccceceesemecn———- 276370 0000
400 CLMT-UCLXHOURSKCFLUUK/AR 276380 €900
CEMT»UCEXHOURS ZARKCFELUK 276390 0009
CMMToUCHXY - 076400 0900
IF (HH.GT.0.) 076410 0000
¢ SHAFT IS A PORTnL. ROTSTING COSTS ARE ZERO 076420 0000
300 UCL»@. 876430 0000
UCE=Q. 076440 0000
UCM»Q. 076450 0000
UELIND=Q. 276462 2000
g9 o 704 076470 2000
¢ T OF BACKFILL TRANSPORT IN CUT AND COVER 076480 0000
2060 DOENT-(DCENT!USOIL-UIOX!(DTRNCH TOTBOX/2. ) )/ (U=UBOX) 076499 2000
(DROCK.LT.DTRNCH) DCENTDCENT+UROCKS( DTRNCH+DROCK )/2./(U-UBOX)  @76500 9020
AT oaocoPENonczutzo.x;/75000.xxuoacsxx(u-usox>xna/nouns 076510 0000
IF(TRUCKS,LT.1.) TRUCKS®1 076520 0000
DLt I8 ot I8 504, 70D08 SXUPACDSE (U-UBOX I EAR 1000, 1X24 . /HOURS 276636 0090
1 +8.2046.26XTRUCKS 076540 0000
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I COSTUN Listing (Continucd)

UCEO(‘.O(la 5*3 12DDS )XVBACDSX(V-UBOX )XAR/100Q. 1 xR4. /HOURS 276559 0000
1 §.40+8. 70k TRUCKS 0765623 2000
UCH-...S‘!DDSIU’GCDS#O..00.5!(0PEN¢DCENT/0 1 )XVBACEX 076570 o000
+8.2%H OURS/QQ/(U- UBOoX ) @76580 0000
[ CILfUL TE COST O .ACKFILL TRANSPORT PER FOOT OF TUNNEL 076590 2000
CLH?-UCL‘NOU'S/GRICFL 076600 0000
Cl 'UCE!HOURS/AR!CFEUUK 976610 000@
¢ n sUCHMX (U~-UBOX 076620 2000
[ RESET UNIT COSTS TO 2ERO SO MUCK HOISTING COST WJILL BE 2ERO IN 076630 0602
c CUT=-AND~-COVER 076640 0000
GO TO 390 276650 0000
[ EIXAXXLXXEXRLRRXASEXNXREXRXXXIREXXASTILARERXRENAXZSIAXXXAXAXIXILXRLXS 076660 0000
c CALCULATE UNIT COST OF MUCK HOISTING IN TUNMELS 976670 00200
S30 UCL*35.+0.003xHNE(1.+0.002XRMLMAX )+Q.0163RNLMAX 276680 2200
UCE=10. + 9.03xRMLMAX 076690 @00
UCM«9,05 076700 0200
UCL XND' ( 50000 ,+0.04X(9009. +HH )SRMLMAX ) /RL Q76710 2080
076720 o0ee
1 [+ e RS Gt L L L D L L 076730 @000
c CﬂLCULRTE UNIT COST OF MUCK NOISTING IN SHQFTS 076740 @000
602 UCL<® 276750 (-]
UCE'O. 076769 ee

Me@, 026770 Q¢
UCLINDeQ. 276780 2000
IF(NSTYP.EQ.3) GO TO 8600 076790 0000
UCL*29. + 0.002XHHX(1.+Q.008XRALMAX ) 076800 @000
UCE=3.+0.04SRNLMAX 076810 Q000
UCM=9.05 076820 00020
UCLIND'O. 276830 Q0eQ
] R bt et D L DD 076840 0000
c CﬁLCULhTE MUCK HOISTING COSTS 076850 @00
700 CLMH= (HOURSEUCL/AR+UCLIND }XCFLUWK Q76870 0600
CEMH=HOURSSUCE/ARXCFEUUK 076880 @00
CHHH-UCHXUXHHIIOOO. 276890 0000
GO0 TO 75¢@ 276900 0000
800 CLMHe3, 076910 0¢Q0
CEMH=Q. 0768520 0000
CHHH'O 076930 2000
760 CONTINUE 076940 0000
¢ STORE COST VALUES FOR USE IN LINING COMPUTATION 076950 0000
UCLMK 076960 0000
UCEHH'UCE 076970 0060
¢ 076980 200¢
RETURN 076590 0000
977000 2000
SUBROUTINE CHUKDP(CLHD CEMD, CMMD, AR, V,CDS,DDS,UDS,NSTYP, HOURS, 077010 Q000
i CFLUWK, CFEUUK;!TVPE 077620 9009
¢ ceme- ———- 977030 0000
€  mercececcwoccccccccaccncrccnceccrmermceccmcccceccraa o racae - 077040 0000
g CMUKDP CALCUL&TES THE COST OF MUCK DISPOSAL FOR TUNNELS AND SHAFTS g;;:g: g:::
c crmcnena - 877070 0000
IF(ITYPE.EG.2.AND.NSTYP.EQ.3) GO TO 106 977080 0000
¢ 077080 0900
c CALCULATE UNIT COST OF MUCK DISPOSAL 077100 0000
UNKDP ey 077110 0000

(Continued)




O O ODOOHOO

OO0

(o]

o000 O

100

aion LINU néTas.c#Lca HOURS CFLUUK CFEW
3DROEK, UTSFRT, UTUALE, P §

20
51@

COSTUN Listing (Continucd)

IF (NSTYP.EQ.3) UMKDPeUDSZV
CLo(40.+(16.5+4,.72DDS )XUMKDPXAR 1000, 1X84. /HOURS
E'( .0(130508.101 DS )XUMKDPAR/1009. )X24. /HOURS

0.0652

«CDSEURKDPE0 . 00003

LATE COST OF HUCK DISPOSRL
c D'UCL!HOURSIh BCFL
CERD-UC lNOURS/ﬁRlCFEUUK
gﬂﬂg-UCDSOUCHIUHKD

CLMD-0.
CEND-q.
CHND=@.

RETURN
SUBROUTINE CTSUP(CLTSiCETS CMTS RODfﬂEx » ISHAPE, BE aR $S£BE40 ,BEG®

PLATE, $SEG. PSOIL, LE
(K, DSLURY ﬁrancw toeck,

P,UTanNEH, TOTBOX, IBRALE, 5FA)

pLT,utseD, or

-~ - - - -

5cx TUNNEL OR SHAFT
"EG.1) GO T0 5

FLOW INDICﬁTOR

SOFT GROUND TUNNEL OR SHAFT
IF(NSTYP.EQ.2) GO TO 1000
GO TO 150

P33 e et e bR b o R et b b v eborbotittdasetoepiotesiitedeiisitietetpiedy
ROCK TUNNELS AND SHRFTS
b3 83030t d e o bbb s b ottt ot ostbtfestotfstobisestststititetedtdie]

é'éITYP§.E° .2) ISHAPEs1
xr(non GT.40..AND. noo 17.60.) GO TO 1@
IF RGD.LE.40.) GO TO 4@

xz .GE. €0 ROCK BOLTS USED

60 10 (200,210, MEX
CONUENTIONAL EXEAVATION
IF(ISHAPE.LT.3) GO TO 220

(

D<(D

e 40— |
Heer-eND l

IT
NSTYP
15
4

IT A

F IS A ROCK BOLT UEIGHT FACTOR, FF IS A WIRE MESH UEIGHT FACTOR
SHAPE 1S BASKETHANDLE
FFe9.74

G0 TO 2330
SHAPE IS CIRCLE OR HORSESHOE

2230 F-1.0

FF"O.
G0 YO 23¢
HOLE EXCAVATION

(Continued)
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COSTUN Histing (Continued)

FOO.‘C

T MT OF ROCK BOLTS
0.%§ULQ t‘gsxg l(..‘ﬂ‘tli)1(100-309)118)/(153 -RGD . x32

YPE
¢ALC¥#GT( UEIGNT OF UIRE HESH IN TUNNELS
VuNeFF23 3"(!(1.-0 213xRQD

UNIT CQSTS OF ROCK IOLT SUPPORTS 1IN TUNNELS

UCLe 0. 822URDX

IF( DE.LE.SS. UCE=1

IF(3E.QGT. G..hND URllAR LE.1000.) UCE=S.3

IF(DE.GT.16. .AND.URDSAR.GT.1800.) UCE=$. 35*0.0023!(UR'!AR 1800.)
ggﬂ-g gglUUH¢(0.23¢RS/53000O.)!UR)

BEIGHT OF UIRE HESH IN SHQFTS
UUMeFFx4.X DE

Hg{TOCOSTS OF ROCK BOLT SUPPORTS IN SHAFTS

IF(MEX.EQ.1) UCE 0 0
IF(MEX.EG.2) UCE=1
ggn-o ga:uun+<o 83¢RS/530000.)!URB

mmm - ---- - P

RQD 1S BETWEEN 40 AND 60, INTERPOLATION OF COSTS IS NECESSARY.
COST WILL BE COMPUTED FOR RGDe4@ AND THEN FOR RGD=60 BEFORE
INTERPOLATING TO OBTﬁIN C0STS AT ACTUAL RQD.

STORE THE CORRECT VALUES OF RQD AND BE
RGDD=RGD

BBE=BE

gnggksSH FICTITIOUS VALUES OF RQD AND SIZE FOR INTERPOLATION USE
RQD=40

Ile}

GO TO 410

RGD .LE. 4@ STEEL SETS USED

40 14

419
420

450

460 F

47

43¢

8 70 (420,430,440, 15HAPE
SHAPE IS CERCLE
G0 10 <4so 466), Mex

FACTOR FOR WEIGHT OF STEEL SUPPORTS-F
CONVENTIONAL EXCAVATION

F=0.56%( (RGD-20.)/100. )xx2+1.22

:gt- :hOTOR FOR BLOCKING AND LAGGING

0 To
HOLE EXCAVATION
rnL30.01
VEIGHT OF STEEL SuppoRTs
ggt-sx::gcsonT ABS(0.78BE-6. ))+3.7-26( (RAD+20. )/100. )Xx2)

SHAPE 16 HORSESHOE
UST'E!I(SORT(Q.S(O 8523E-7.))+0.8+0.3%S0RT(100.-RAD))

(Continued)
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COSTUN Listing (Continuced)

FILUI 0..‘13!)5 378280 0000
T0 4 78292 0009
c SNOPE 1S DASKETHANDLE 278300 0000
440 WST-EZX(SQRT(ABS(0.92%DE-6. })+0.82+0.22XSGRT(1008.-RGD)) 378310 0002
F3Le1.+0.003x3E 278320 0dee
¢ QUANTITY OF BLOCKING AND LAGGING 78330 0000
486 ’L'FlLllE!(....il’..0056!((117.-ROD)1100 X823 78340 000Q
¢ GO TO (490,500),ITYPE g; 350 ?338
c UNIT COSTS OF STEEL SUPPORTS IN TUNNELS 078372 0000
490 IF(MEX.EQ.1) YYel.l 278380 0000
IF(MEX.EQ.2) YY=1.0 978392 0000
UCLevYe(Q. 001!“5T!AR*0 4XDE) 07840¢ 2000
UCE=YYX(6.+0.0002XWSTXAR) 078410 0000
UCM=36.XYY/AR+Q.0958UST+152. 1BL Q78420 9000
GO0 TO 300 Q78430 0000
[ O G ittt bttt bttt Q78440 0000
c UNIT COSTS OF STEEL SUPPORTS IN SHAFT 078450 0000
$00 UCL=1.1/3.%(0.001XWSTXAR+D.42BE) 078460 0000
UCE-1.1/3 ¥(6.+0.0002%USTXAR) 078470 0000
UCH-O @95xUST+150.3BL 078480 0000
€  eecocmemcceccncccecrcrsssessmcccsssecesemnoacooona- -=-~ Q78492 00Q9
c COST OF SUPPORTS 278500 000
¢ 078510 €000
300 CLTS= (HOURSECFLUWK+YEDMISUCL/AR 078520 2009
CETS*MOURSXCFEUWKXUCE /AR 078530 Q000
CMTSeUCM 978540 0000
C  mesmceccccccececcoocoao Eat b I LI L Sttt g - - ~-- @7855¢ 02008
IF(II.GE.J) GO TO 700 078560 2000
IF(I1.GE.2) GO TO 600 078570 0000
c STORE COSTS COHPUTED USING FICTITIOUS RGD=40 978580 0000
CL4Q=CLTS 978590 0000
CE4Q»CETS 078600 0000
CM4Q<CNTS 078610 0000
C REDEFINE RGD TO A FICTITIOUS VALUE OF €0 FOR SECOND FART OF 078620 0000
c INTERPOLATION COMPUTATION 078630 0000
RGD=60 078640 0R0Q
BE=BEGY 978650 0000
c REDEFINE FLOW INDICATOR 078660 2000
Ilelley 978670 0000
GO TO 510 078680 9000
c STORE COSTS COMPUTED USING FICTITIOUS RQDe6Q 078692 0000
600 CLEO-CLTS Q78700 0000
CEE@CETS 278710 0000
CME@=CMTS 278720 0000
¢ seemememe—- - -- 278730 2000
c INTERPOLATE BETWEEN RGD OF 49 AND 50 T0 OITAIN SUPPORT COSTS Q78740 0000
CLTS=CL40+( (RQDD~40)/20)x(CLEO-CL4Q 78750 9009
CETS'CEQO#((QGDD-40)/30)¥(CEGO-CE40) 078760 oeeo
¢ CHTS'CH40#((RQDD-40)/30)!(0HGO-CH40) g;g;:g g:gg
[+ REINSTGTE ORIGINAL UﬁLUES OF RQD AND BE 078790 6080
s g el
700 RETURN 078820 0000
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COSTUN Listing (Cont inued)
c 278830
¢ 'l’t"l"‘!.l“ll,ll“ll‘l‘il‘ll“‘,l"“‘ll!“!l'l"’x‘ll""lll' 073840
c $OFT GROUND TUNNELS OR SHAFTS 78850
[ PPiis ettt otelstitiieeipepogotptitotteceototoittttesettttpesttttd g;::“’:
]

¢ E‘YQ.LISN SHAPE FACTOR BASED ON PERIMETER 278880
1000 IF(ITYPE.EG.2) GO TO 1035 078890
G0 70(1.1..1’20 1030 ), ISHAPE ¢78990
¢ CIRCULAR 078910
1010 SF"3 14 o78520
s GO T 078930
Cl.a. ggRSESHOE g;gg;g
078060
¢ .QSKETHQNDLE 078970
1030 SFP'E. 078980
GO TO 1059 078990
¢ SNﬁFT SE MENT 079000
1035 lF(ISHﬁPE £0.1) GO TO 1e10 278010
c SO 0?9020
079030
1050 PERNTR'O.S!('E*'F)!SFP 279040
GO TO(1060,1070,10260,1300), ISUPPT 979050
c SEGMENTED CAST TRON OR STEEL SUPPORTS 079080
1060 S° 3 e7g807¢
GO TO 1080 27908
c SEGMENTED CONCRETE SUPPORTS 075090
1070 S5-4 78100
1080 TUEB-TPLATE 079110
IF(TUEB.GT.1.) TUEBe 075120
RREﬂ'S!TPLﬂTE#E ITUE.I(TSEG-TPLQTE) 0791360

c CALCULATE SUPPORT QUANTITIES 0791
¢ GO TO(1110,1120,119@), ISUPPT 8;8:38
¢ SEGMENTED CAST IRON SUPPORT 079170
1110 UCI=450.X(AREA+0.667x(5-2, XTUEB)!(?SEG TPLATE )XTUEB ) /SXPERMTR 078180
YY=Q,13xUCI 278190
GO T0 120 079200
€  seescccccccccccccsccccccacancaa- e D el 079210
c SEGHENTED CONCRETE SUPPORTS 79220
1120 VLe1./27.X(AREA+Q. 557!(5 ~2.XTUEB )X (TSEG-TPLATE )X TUEB ) /SXPERNTR 279230
IF (ITYPE.EQ. 3) GO TO 1175 Q79240
TUNNEL SEGMENT 279250
GO TC (1150,1160,1170), ISHAPE 079260
CIRCULAR 979270
1160 RS7=0.01 079280
0 TO 1 279280
c HORSESHOE 279300
1160 RST=0.032-9.16E~ GxPTOTﬂL 279310
PMINT=54000./BF2x1.5 079320
STHNT'. .32-..IGE'GIPHINT 979330
T0 1180 079340
¢ 'QSKETH DLE 079350
117 ST'...aa"oIGE'G'PTOTﬁL 079360
PRINT=60000./BF2x1.7 079379

(Continued)
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COSTUN Listing (Continued)

RsTHNT'O .033-0.18E-GEPNINT

; Oﬂ

:117‘ Fcl EO 1) GO TO 1150

l‘?-. [ C-O.QSE-SIPTOTQL
PMINT=6

DFRRL.
THNT 8. 0340 1 3E-6XPMINT

1180 Rr$PT°TzL'L? :H!NT% :S;;O <OL+(RSTMNT-9.01 )/PMINTXPTOTAL

1185 UREIN-481.1RSTXuLXE?. :

Ye9S8.5UL+8. {SXUREIN
GO T0 1200

- - -——-

c SEGMENTED STEEL SUPPORTS
1190 UST-491 2(AREA+Q.667X(S-2.STUEB ) X(TSEG-TPLATE ¥ TWED )/SSPERMTR

¥Y=Q.095xuUST
180. IF(ITVPE Eq. 2) GO TO 3210
UNNE SEGMENT

S oA

O 70 183
c SHAFT SEG ENT
c 19 COMPRESSED AIR USED
1219 IF(MSTAB.EG.1) GO TO 1220

¥3-9.333
GO T0_1230

1220 1.88

1239 UCL-VSX(SO +0,Q4XBEXX2)X((CFLCA=1.)%2,73.+1.)
IF(ITYPE.EQ.2) UCLeY3IX(50. +0 04!35 x2)

UCE»Y3x(5.5+0.0038(BE+10.)
UCMeY3Xx(2.1+0, OOIIDE!la)tHOURSIQROVY

[
g :Rg gOST FOR CAULKING SEGHENTED SUPPORTS IN UATERTIGHT TUNNELS
IF(LINUT £G.1) GO TO 1249

T0 13
1340 IF(!TVPE EQ. a> GO TO 12s5¢
c TUNNEL SEGMENT
IFCISHAPE.EG.1) GO TO 1260
¢ ggg:ESHOE OR BASKETHANDLE

Go
1250 IF(ISHAPE.EO.l) GO TO 1260
¢ SQUARE €

SEGN=8
GO T0 1270

(Continued)
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COSTUN Listing (Continued)

G0 70 1270 079830 €000
cxncutnn 973849 9009
aga $EGNe3 079859 0009
127 ¢ oxut-nt:srp/ +SEGN 79860 2000
1 (XTY o x) UCLoUCL+0.1755CJOINTRARECFLCAZHOURS 979870 9680
IFCITYPE UCLeUCL+0. 1 75XCI0INTRAR/HOURS 975880 0000
UCE=UCE+0. oasxc;oxurxnn/uo RS 279890 9009
ucn-ucnoo.ascaox 079900 2000
GO T0 13850 079510 2900
¢ ———— - 979920 0000
¢ STEEL R1D SUPPORT 079930 8000
1300 S-t..-..tsanoc(PsoxL) 279940 0009
1F(S$.GT.6.) $°6 979950 9000
AREA=1./144.XEXP(4.26550RT (UEB-0.33)) 279960 0000
WSTe491 , SAREASSFPI(BE-WED )/ 079970 08¢
BLTHCK=1./535. 8SGRT (PSCIL )X (9.5-0.65XALOG(PSOIL)) 079980 0009
¢ ASSUME MINIMUM LAGGING THICKNESS TO BE S INCHES 079952 0000
IF(BLTHCK.LT.S./12. JBLTHCKs5, /12, 080000 2000
LeBLTHCKR1R2, xsrpx()s-nLrucx)/:ooe. 080030 0000
IF(ITVPE EG. a> 132 280020 0000
¢ TUNNEL SEGMENT 080030 2009
YYel,{ 280040 0000
¥3+39.6 080050 0000
GO T0 1340 080060 0000
¢ SHAFT SEGMENT 280070 0600
¢ 1S COMPRESSED AIR USED 280080 0000
4380 IF(MSTAD.EQ.1) GO TO 1330 080099 0000
Yyey.1/3. 080100 0000
Y39 280110 €400
GO TO 1348 080120 0000
1330 Yyel.4 280130 2000
¥3:50 080140 0000
1340 UCLoYYS(0.001XUSTXAR+D, 43BE )X( (CFLCA=-1.)32./3.41.) 880150 2009
IF(ITYPE.EQ.2) UCL=YYX(Q.001XUSTXAR+Q.4XBE) 080160 0003
UCE»YYR(6.+9.0002XUSTXAR) 080179 0000
UCMeY3/AR+9.095XUST+158. XBL 080180 0000
(o ADD COST FOR BACKFILL GROUT 080190 0009
1350 UDACKG=SFA%(BOBEX2-BEXS2) 080200 0000
IF(ITYPE.EQ.1) UCLeUCL+1.3XUBACKGEARXCFLCA/HOURS 080210 0009
IF(1TYPE.EQ.2) UCLeUCL+1.3XUBACKGRAR/HOURS 080220 0600
UCE*UCE+d . 5XUBACKGRAR/HOURS 280232 2000
UCMsUCM+1 . 2XUBACKG 080240 2000
¢ 80 TO 300 gggggg oogg
[ lllttﬂltl!!!!xt!!!!!!!!l!!!lxxlxll!l!lt!tll!!ltt!tltl!t!ll!l!llll 280270 90Qe
¢ CUT AND COUER Q82288 9000
[+ :nntuxnunnnnxunt:lxnxuununxnxnnxuuununn 2802950 9000
¢ sz C0STS«9 080308 0000
1500 UCL#€ 080310 00020
iche HHO R

c 18 xr A SHAFT 039340 0000 !
IF(ITYPE.EG.1) GO TO 1506 080350 9000
CLTS 0. 980360 0000

CETS+0. €1937¢ 0000 :

(Continued)
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COSTUN Distinge (Coutinued

CHTS-O. 280389 :000

RETU 380390 0002
c FO' ‘LO ING CUT, ONLV COST OF ROCK BOLTS UILL BE COMPUTED 080499 0000
1508 IF (NEX. EO 7) GO _TO 1750 2890410 9000
¢ IF OPEN CUT 1§ ENTIRELY IN ROCK, ONLY COST OF ROCK BOLTS 1§ 980420 9002
c COHPUTED FOR SUPPORTS 280430 0000
IF(DROCK.LT.0.1) GO TO 1760 980440 0000
DROOF-DTRNCH TOTROX 080450 0000
IF(ISUPPT €G.6) GO TO 1510 280463 0000
GO TO 1518 080470 0000
§ T il e
c SLURRY WwALL
S e O S U GOyttt ittt ed et dii s 080500 0000
1519 IF(DROCK.LE.DROOF- 2 ) SLURRY*d. SlDROCKfla 080510 o0ee
IF(DROCK .GT.DROOF-2.) SLURRY=@.5xDTRNCH/1E. 080520 0000
IF(SLURRY.LT.1.5) SLURRY#1.5 080530 0000
UCL=UCL+145.xDSLURYXSLURRY /2608 . XAR/HOURS 080540 @dee
UCE=UCE+181.sDSLURYXSLURRY/260@ . XAR/HOURS 280550 oeoe
UCMsUCM+ (L 4XSLURRY~-8.68)XDTRNCHR1 .15 egesee eoee
€  ~-mscece—ccccacencccdccccce s cr e c e e e o cs oo csesoo e 980570 0000
¢ VALES AND STRUTS 080582 Q090
[ O eSSttt tuiniateiutatuiin i bdededebieted 080598 0000
¢ WALERS AND STRUTS ARE SPACED 1@ FEET VERTICALLY. 880600 0000
¢ ACTUAL NUMBER OF STRUTS AND WALERS REQUIRED IS DSOIL/10 - 1 080619 0000
¢ BECAUSE RESTRAINT AT BOTTOM OF SOLDIER PILE ACTS AS A STRUT. 08620 0009
¢ IF ACTUAL NUMBER REQUIRED IS LESS THAN ONE, THEN USE ONE. 08063 @200
¢ IS ROCK LINE ABQUE TRENCH BOTTOM 280640 0000
1515 IF(DROCK.LT.DTRNCH) GO TO 1520 080650 0eoe
STRUTe (DTRNCH/10.-1.)/15 . XBEXWUTSTRT egocce oeeo
IF(IBRACE.EG.3) STRUT=(DROCF/10.-1.)/15. XBEXUTSTRY 280670 0000
WUALE=(DTRNCH/10.~1.)82.SUTWALE 080680 2000
GO TO 1560 280690 2000
1620 $TRUT=(DROCK/10.-1.)/15. XBEXUTSTRT 080700 0000
IF(IBRACE.EG.3 .AND., DROOF.LT.DROCK) STRUT=(DROOF/10.-1.1)/15.% 280718 0000
1BEXUTSTRT 080720 2000
1S DECKING REQUIRED 080730 0000
IF(IDECK.EQ.1) GO TO 1540 080740 0000
JALE=(DROCK/1@.~-1.)22. XUTUALE 280750 0000
GO TO 1560 080760 0oee
1549 UﬁLE-(DROCKlie.-i.)t&.!uTUALE#((DTRNCH—DROCK)/XO.-l.)la.l13. 080770 0060
¢ VERTICAL CUTS IN SQIL LESS THAN 2@ FEET HAUE ONE STR 080780 00ce
1560 XF(STRUY.LT.BEIUTSTRTlis STRUT-BE!U’STRTII 080790 0000
¢ THERE ARE TUO UALES FOR EUERV STRUT AND A MINIMUM OF TWO WALES 08080 0000
¢ CONNECTING DECKED SOLDIER PILES IN ROCK 280810 0000
IF(IDECK.EG.1.AND.DROCK.LT.DTRNCH.AND . WALE .LT. 2. XWTUALE+26. ) 080820 0900
1 UdLE-E-!UTuALE*E 080830 0000
IF(UALE.LT.2.XUTWALE ) UALE«2.XUTUALE 089840 2000

(Continued)




COSTEN Listing (Contimed)
0 STRUTS IF CONPLETELV SUPPORTED BY ANCHORS 080852 0092
IFIX.RQCE E° 2) STRUT=0 080860 0000
NO WALES SLURRV UﬁLL 083870 00020
IF‘I‘U’PT EO-G) ALE=Q 080880 2000
NO COSTS OF WALES AND STRUTS FOR SLURQV WALl SUPPORTED BY ANCHORS 080800 0020
IF(ISUPPT.EQ.S .AND. IBRACE.EQ.2) GO TO 157¢ 282900 0089
UCL'UCL045.¢1.3'SQRT(U“LE¢STRUT) 080910 0000
UCE*UCE+16.+9.45XSQRT(WALE+STRUT) 250920 0000
UCN=UCM+Q.C9SXUALE+Q.24XSTRYUT 080939 QR0
{  weme=meccrcccccccecrccccceccccccceams s as e cac s s cnscceseccameasraa 080940 0000
[ ADD COST OF SOLDIER PILES 280950 2000
€ emeesemcecccccccecceacceocmccneamc e s st e n s s e 080960 2280
167¢ IF(ISUPPT £Q.6) GO TO 1605 280970 Qeoe
IF(DROCK.LT.DTRNCH) GO TO 1580 083980 @000
SPLT=DTRNCH+10. 282990 0060
GO TO 1600 281000 Q000
1680 SPLTeDROCK+10. 081010 Q000
160¢ IF(IDECK.EQ.@) SPDLTeSPLY 281020 Q000
XF(IDECK EG.Q) WTSPD=UTSP 081030 Q002
GO 70 1610 081040 2000
c SOLDIER PILES EMBEDED IN SLURRY WALL 081050 @0de
1605 SPLT=DSLUR 081060 0000
SPDLT. DSLURV 081070 0Q0e
UTSP=13 081280 0000
WTSPDs13 081090 Q000
1610 PILE'(E ESPLTXUTSP+SPDLTRUTSPD 1%2. 715 281100 2000
DUTAVG*SQRT (6. %(2. lUTSPISPLT‘UTSPD‘SPDLT)/(E XSPLT+SPDLT)) 081110 0000
SPLTAU=(2,X5PLT+SPDLT ) 3. 281120 eeoe
UCLoUCL+(@,.0098(DUTAVUG+7, 1XX2-0.2)X0. 4XSPLTAVUIAR/HOURS 281130 Q009
UCE+UCE+@.02XDUTAVGESPLTAUXAR/HOURS 081140 Q000
UCMeUCM+0.012XDUTAUGXSPLTAV+. 1XPILE 081150 0000
€ =mmmesccoccococcec-aoo e it 281160 0800
¢ ﬁDD COST OF LQGGING 281170 oeeQ
L S Tttt e L L B L DL L DR e T 281180 Q@0
c NO LQGGING FOR SLURRY WALL 081190 eeo00
IF(ISUPPT.EQ.6) GO TO 1710 081200 Q000
IF(DROCK.LT.DTRNCH) GO TO 1€6@ Q81210 oeee
IF(DTRNCH.GT.25.) GO TO 1640 081220 0000
BLeDTRNCHX3 .12, /1000 081230 2000
GO TO L1700 081240 0000
1649 BL»(25.23.+(DTRNCH=-25. )%4.)32./1000. eB125¢ Qeee
GO TO 081260 0000
1660 IF(DROCK.GT.25.) GO TO 1689 081272 2ee00
4
3
(Continued)
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COSTUN Listing (Continued)
“DAOCKE3..32../1000. 081280 0920
R i it
() ¥ - )X o/ .
15 uk UCLoEd, SAREEL/HOURS 0. 6 asi3ie eoee
o 3 Ty It R
ll- M .
& u:n COST OF TIEBACK ANCHORS - - 081350 0960
ADD COS$
¢ N9 TIEPACK ANCHORS 1F COMPLETELY SUPPORTED By STRUTS 081350 9900
¢
1718 IFCIBRACE.EQ.1) GO TO 1756 981380 9900
IF (DROCK - LY. DTRNCH) GO TO 1720 081390 0000
ANCHL T <0, STOTRNGHv20 . 981462 9900
DSOIL+D 081410 2000
¢ v:-ponrzon CSUPPORTED BY TIEBACK ANCHORS 281420 9000
* x)aacz £0.3) V1sTOTBOX/DTRNCH 981430 9900
( L] /
G0 70 174 081450 0000
1720 ANCHLT 0. 35DROCK+20. 081460 2000
DSOIL sDROCK 081470 0000
C  V1sPORTION SUPPORTED BY ANCHORS 081480 0000
IF CIBRACE.EG.3 .AND. DROCK.LT.DROOF) ¥isi 281490 0000
IF (IDRACE.EG.3 .AND. DROCK.GT.DROOF) Y1=(DROCK-DROOF 3/DROCK 081500 0000
1740 ANCHDI+SORT (UTalCH-2.67) 281519 0000
GRTAKE =1 .883DSOIL, 081530 0000
UBF = (ANCHLT-20. )X0. 7858 (1~ (ANCHD1/12. J8%2)/27 . 1@, 84XDSOIL 281530 0000
UCLAN«3. XANCHLTEDSOTL "3AR/HOURS (10.~89. JANCHLT )iV 981540 0000
IF CUCLAN.LT.75. ) UCLAN?S 081558 0000
UCEAN=0 . FAARCHLTADSOIL XAR/HOURS/(10.~80./ANCHLT )81 981560 0000
1F (UCEAN.LT.17.5) UCEAN=17.5 081570 0000
UCRAK= (ARCHDTZBx (0. 520, 803FANCHLT )X@ . 04XANCHLTXDSOTL +80.3GRTAKE 081550 0600
1 727.46.753VBF 081590 0000
UCLUCL $UCLAN 081600 0000
UGE = UGE sUCEAN 981610 0000
UGH=UCR+UCRAN 981620 0000
¢ 981630 0000
¢ ann COST OF ROCK_BOLTS 981640 0000
——-- - 981650 0090
17650 IF(DROCK,LT.DTRNCH! GO TO 176@ 281660 0200
1800 981670 0000
1760 ANCHLT*d.,258 (DTRNCH-DROCK )+25@ . /RQD 981680 0000
UCLRB*110, xancHLT:(oarcu-nnocx)xnn/nouns/(1 2+130./(110.-R0D))x22 881656 0000
17(50,-9,252A 08176 0900
1ETUCLRB LT B4, 5 UCLRB G4, 981710 0000
UCERB=20, xaucHLrt(nTancu-nRocx)xan/nounsxtx 2+130./(11€.-RGD))%12 881720 9000
1/(88. 9. BSTANCHLT) 981730 0800
LEtuCERD LT 26 S UCERD=10 281746 0000
UCPRBe1. StﬁNCHLT!(DTRNCH-DROCK)/(1 2+4130./(110.-RD) 1XX2 081750 0000
UGL =UCL SUCLRD 981760 0000
UGE » UGE +UCERD 081770 0000
UGH=UCR+LCRRS 681780 0000
1800 IF(NEX.EG.7) GO TO 300 881750 0009
¢ 081800 6000
¢  DECKING 881810 0660
¢ - 48,820 0000
¢ 1S DECKING REQUIRED 081830 0009
IFCIDECK,EQ.1) GO TO 1820 681840 0000 1
o 70 366 081850 0000 |
i
i
]
i
i
4
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COSTUN Listing (Continucd)
¢ ADD COST OF TIMBER 081860 0000
1880 UCLeUCL+0.07@3BEXAR/HOURS 981870 0090
«UCE+9 oosxn:xnn/uOURS 081880 0000
UCHeUCHs 9. 18XDE 981850 6300
¢ ABD COST OF GIADERS AND STRINGERS 081500 0000
oUCL+16.+(5.38BE+580. 1852/40000. 981910 0000
<UCE+§. 547, (DE100. 1122710000 081920 0000
UCH=UCA+8. 162(8. 38 $BE+34. 081330 000¢
g9 10 308 981549 009¢
OUTINE LINING1(CLL, CEL CRL .CLEV, CEFU, CMFY ITVPE LINING,ROD, *EX 981860
1?323.7L 3 .5, ionsé TSHAPE, BE UcLE U r, 281970 o
aUCLMN, UEEMK . & N6 kn Psozt.ﬁua+s ut sr 081980 €000
B RRARNOURS cr(ca,crLuux.crEuu 081990
§ TIIIIIImoTonTo TIIIIIIIIIIIIIIIIIII G3gete
¢ LINING CALCULATES THE LINING COSTS AND THE FORMWORK COST FOR A 082020 0000
¢ TUNNEL OR SHAFT SEGENT 282030 0000
¢ 4 LU PU PN 082040 0000
IF(NSTYP.£Q.3) GO TO 910 082050 00090
[+ EXSTXBAXXKLLRAXXRLIRR ROCK OR SOFT GROUND FEEAXXXASLAAARAXXXXLLE Q82060 0000
¢ I1 IS A FLOU INDICATOR 982070 0000
St OA et iutlontud SO R 082080 0000
¢ ————- cremeeecmmccecacceceeeceancanmanen 282050 0000
¢ 082100 0000
¢ SEGMENT LINED 082110 0000 !
g (LInING T 83 G0 T 982120 0000 :
¢ sscnenr S TRt ingD T 3er aLL costs To zero 082130 0000
CLL@.0 082140 0000 ;
CEL=0.0 082150 0000 :
CMLs=0.0 082160 9000 ;
2 CLFY=0.0 082170 0000 ;
CEFU+0.0 082180 0000 i
CMFU=0.0 082190 0000 :
RETURN 082200 0000 :
¢ 982210 0000 :
¢ 282220 0000
e T S U —-- - 082230 0000 J
¢ RATIO OF REINFORCEMENT TO CONCRETE BY UQLUME 982240 0009
¢ - - - ——-- -- 082250 0000
¢ SET MINIMUNM STEEL REQUIREMENTS 082260 0000
37 IF(NSTYP.EQ.1) RSTMIN«Q.005 082270 0000
IF(NSTYP.EG.3) nsrnxn-o.oa 282280 0009
IF (ITYPE.EG. 2) GO 10 43 082290 0000 i
¢ TUNNEL SEGMENT 082300 0009
GO TO(41,42,45), ISHAPE 082310 0000
¢ CIRC 282320 0009
41 RET:RSTAIN 982330 0000
GO T 282340 9060
¢ wons:sno: 982350 0000
42 RST#0.014-7.3E-SIPUATER 082360 0000
IF(LINING.EG.1) PNINT=195000/BFX%1.? 982370 0000 1
TF(LINING.EG.2) PNINT«36500/BF8%1.6 982380 0000 5
44 RSTHNT=0.814-7.3E-8SPNINT 082390 0000 i
GO TO 48 982460 0008 1
¢ nnsx:Tuaan: 082410 0000
46 RST+9.014~6.6E-G2PUA 082420 0000
IF(LINING.EG. 1) PMINT-BIOOOOIIFllx.S 082430 0000




Eg 2) PHXNT'SGOOO/!F!XI 8

1 ING. 0
R 8.6 SE-BEPNIN 082450
GO T0 48 pB2460
¢ SHAFT SEGMENT 082470
¢ 1§ IT CIRCULAR SHAPE 982480
49 IF(ISHAPE.EG.1) GO TO 4 982499
RS§T9.015-6.25E-BPUATER 28c500
IFCLINING.EG.1) PMINT»1750@0/BFx21.9 982510
§0 IFCLINING.EQ.2) PMINT=31000/37xx1.5 983520
51 RSTHNT9.915-6.25E-BIPMINT e82630
48 IF(PUATER.LE. PﬂINT) RETeR S'HXNO(RSYHNT-RSTHIN)xPUhTER/PPINT agas4e
¢ IF(RST.LT.RSTMIN) RST»PSTMI g;gggg
[+ 16 1T A SOFT GQOUND T“UNNEL OR SHaFT agas7e
4 IF(NSTVP.EG.2) GO TO 40 eB2580
¢ ROCK TUNNELS OR SHAFTS 082550
¢ CHECK RQD 082600
5 IF(RGD.LE.40.) GO TO 4@ 252610
IF(RGD.CE.€08.) GO TO 20 282620
¢ RQD IS BETWEEN 4@ AND €@, INTERPOLATION OF COSTS 15 NECESSARY. 282630
¢ COST WILL BE COMPUTED FOR RGD=4@ AND THEN FOR RGD<68 BEFORE 82640
¢ INTERPOLATING TO OBTAIN COSTS AT ACTUAL RGD. 282650
10 I1e1 282660
¢ STORE THE CORRECT UALUES OF RGD AND BOB 282670
RGDD#RGD 882680
BBOB-BOB 82690
¢ EngBLISH FICTITIOUS VALUES OF RGD AND SIZE FOR INTERPOLATION USE °§§3$8
BOB-BOB4@ 082720
GO TO 5§ 982730
¢ RGD .GE. 6@ 982740
! 20 114 282750
, 30 Foy, 282760
i GO TO (200,300),LINING eBe?7ve
{ ¢ RAD .LE. 48 982780
A 40 I1s+4, 282790
56 IF(LININ g. EG.1) GO TO 2ee a8280¢
¢ 15 TH1S A SOFT sRouND TUNNEL OR SHAFT 282810
IF(NSTYP.EQ.2) 560 0 300 282829
§+0.05%KRGD+1 .25 082830
TL IS STORED IN FEET 882840
59 IF(_ TL.LT.UEB) GO TO 7@ 82859
¢ o £ {5 FACTOR FOR INCREASING SWOTCRETE UOLUME OVER STEEL SETS eggggg
G0 T0 300 282880
70 Fs( SR 4./ 082859
g o secoes
[ t!!t!l!!!l!lll!!!l!l!llt!!l!l!!!!!t!!!l!l!xt!!Xl!t!l!xtlxt!ttl!l!t 082820
¢ CONCRETE LINING 82930
R o ot - - — 082940
200 UL-SFA/27,%(BOBRIE-BFRRZ) 082950
ULREIN=SFA/37. K (BESK2. -BF 12 8296
IF (NSTVP.£Q.2) uL-4./av.xsrnerx<ar+rL) 282970
! IFINSTYP.EQ.2) ULREINaUL 282980
ugzxg-;gx.xngfszggxnxav. .%%22.
220 IF(NSTYP, ta 2)°Go T0 230 eg3ele
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COSTUN Pictingy teont tnoed)

- 083020
UNIT COST OF LINING narzaxAL TRANSPCRT IN TUNNELS ONLY 083030
gg To~(aal 286,223, 221), MM 283040

RUCK TRANSPGRY, z-rkucx VOLUME 74 033050
IF CISHAPE.LE.2) 25.-0.001x (70, -BE )32 083060
1F (ISHAPE .EG.3) 204.5-(BE~-50.)X54/44000. 083079
TRUCKS«(9.28%DM+9. 48 18UL 2 283080
IF(TRUCKS.LT.1.0) TRUCKSe1. 083050
UCLT«7. 7XTRUCKS+7. { 083100
UCETe(1.5+3.1%2)¥TRUCKS 283110
60 T0 226 083120
RAIL TRANSPORT 083130
CARS=(@.42XDM+1.5)xul 283148
IF(CARS.LT.1.8) CARSe1.0 283150
ENGINECARS/19. 083160
IFCENGINE.LT.1.0) ENGINE«1, 083170
UCLTe15.8ENGINE+21 . 2DNXX0. 82 283180
UCET-S.S!ENGINE»CQRS#:.4an 283190
G¢ TQ 226 083200
CONTINUE 083210
EE“§EV°" oy UCET AND UCLT WERE COMPUTED IN SUBROUTINE CMTAH gxgggg

3, ¥HOU! 3
GO TO 240 0832490
UCLTe0 283250
UCET»d 283260
UCEMHe® 083270
AL=AR 083280
UNIT COSTS OF LINING IN TUNNEL 88323¢
UCL= (9. 0018% (ULEAL/HOURS+16@. )Xx2-12. +UCLT)IXCFLCA 083300
'ICEe5, +@. IXULKAL /HOURS +UCET + UCEMH 083310
UCMe13.+0, 15XURE IN/UL 083320

GO TO 400 983332
-------------------------------------------- 083340
UNIT COST OF SHAFT LINING 983350
UCLe 25.+3.0XVL+UCLFH 983360
UCE=7.+0. 40SVL+UCEMH 083370
UCM=13, 40 ISXUREXN/UL 983380
ALe2. XHOU 083390
GO TO 4 oo 83400
PR30 23333080¢3 803830900084 003 2800333303380 03823403033¢4822003038¢41 8334%2

4
SHOTCRETE LINING 083430

ULed, XSFA/87.XTLXFS(BOB-TL) 083440
IF(NSTVP.EQ.E) ULed4.727.RSFAKTLX(BF+TL) 083450
ULREINsUL 083460
AL=AR 283470
UREIN=491. SRSTXULREINKE?. 323:32
COST OF LINING MATERIAL TRANSPORT IN SHOTCRETED TUNNELS 15 083500

INCLUDED IN MUCK TRANSPORT AND HOISTING COSTS. 2835190
CALEULRTE UNTT CosTe OF TUNNEL AND SHAET INiNG 083520
UCL= (.@IBXCULIAL/HOURS449. 1332 +18. TXCFLCA 983530
IF CITYPE.EQ.2) UCL=0.835X(ULXAL/HOURS+40, )xXx2+18. 283540
UCE=9.084X (ULEAL/HOURS+100. )x33.~23. 083650
UCMei4.+0. 1ESUREIN/UL 083560
BXEARERRER KR XIS T KRXEX TR ELERALXREXXRXXASASXXAIATRILARARARARS 323333

409 CONTINUE 083550
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COSTUN Listing (Continued)

CALCULATE LINING COSTS

.EQ, CLl
;’(t¥NIN°EE.§)¢L2°(NOUﬂlICFLUUKOVIDH)(thUCL#HOURSICFLUJKIUCLMN/AL

EEOURS!UCLICFLUUK

CELe NOGE! CFEWK
CHL=VULEUCH

T0 53§
70
$

$00
0§TS COMPUTED USING FICTITIOUS RAD=40

EFINE ROD TO A FICTITIOUS VALUE OF 6@ FOR SECOND PART OF
H TEE:OLQTXON COHPUT ATION

B=30860
gEDEFINE FLOW INDICATOR
1lelled
GO TO 39

STg:EctINING COSTS COMPUTED USING FICTITIOUS RAD=60

500 CL

CEGQ=CEL

CMGQ=CML

INTERPOLATE BETUEEN RQD OF 4@ AND 6@ TO ODTAIN LINING COSTS
CLLeCL40+(RGDD~40.)/20.3(CLEO-CL4D)
CEL-CE40+(RQDD-40.)/20.3(CEEQ-CE40)
CAL=CM49+(RGDD-40.)/20.3(CNEO-CN4Q)

REINSTATE ORIGINAL VALUES OF RAGD AND BOB
RQD-RGDD
BOB-BBOB

UNIT COST OF FORNUORK EQUALS ZERC FOR SHOTCRETE
IF(LINING EO- TO 2
INF gRETs gHgCK FOR SUPPRESSED FORMWORK COSTS

(¢
ﬁPE.EQ-i) Xe2,.2
£0.8) X=2.0

be
F
F
N
c
£
F (ISHAP

F n €.£0.3) X=1.6
C XABF

[ e il ==t T

IF(NSTVP EO 2) AL#*AR
TO 76

UNXT COST OF FORMUORK IN SHAFTS
IF(ISHAPE.EQ.1) SFP«3.14
IF(ISﬂﬁPE.EO.E) SFPe4,

(Continued)

Al70

084160 0000
034170 0000




COSTUN Listing (Continued)
¢ COHPUTt MYORK COSTS 98418¢ 9000
700 :crnuurov:nn)xUCL/oL 384190 0009
SCFEUUCRUCE AL 08420¢ 0000
cnpu.u 084210 0000
49 Yo ieee 084220 0003
[ t$detfeddeed s  §ied idag CUT AND COVER XEEBRXXILEEREABEAXEIESERX 084230 0000
910 IFCITYPE.EG.2) QO TO 940 084240 0000
¢ ﬂr(uumo £0.3) GO TO 939 333523 3333
¢ -o== 084270 0600
¢ c1p 084280 €600
ucL-4ao.-o.o7sxcvo.-UL):ne 084250 0000
UCE=56.-0.008%(65.-ul )x%2 084300 000¢
ucn-as uL 084310 2000
OURCR=UL xaR/(ixO.-O 0IX(UL -69.)%82) 984320 0000
xrcnouncn.Lr.s. URCR~8 084330 0000
cLL-ucLzuounca/anxcrLuux 084340 0000
CEL sUCE RHOURCR/ARSCF EWWK 084350 0000
CALeUCH 084360 0000
HOURCR-FORnthAR/(GSO -Q.004X (FORMAR-400. )XX2) 284370 2000
IF (WOURCR.LT.8) HOURCR+8 084380 0000
CLFU=(100.+0. asxroanaaxxaouaca/aaxcrnu 284392 0000
CEFUe (8.+(FORMAR+100. )3%2/4500 . YXHOURCR/ARSCFEWUK 084400 0000
CMFU=0,353FORMAR 084410 0000
RETURN 084420 0000
¢ 084430 0000
¢ PRECAST coucnsr: BOX 084440 2000
930 UCLe(9.07X(VL  +19, )332-7,)350. /UL 084450 0000
UCE=(0.0073(UL +80.)X32-45.)150. /UL 084460 0000
UCH=104. UL 084470 0000
HOURCR=ULEAR/S0 . 984480 0000
IF (HOURCR.LT.8.) HOURCRe8 984490 0000
CLLeUCL¥HOURCR/ARECF LUK 284500 0000
CEL »UCEXHOURCR/ARECFEUUK 984510 0000
CML=UCM 084520 0000
084530 0000
¢ --- 084540 0080
¢ SHAFT 084550 0000
949 IF(ISHAPE.EG.2) GO TO 945 084560 0000
§FPe3.14 084570 0000
GO TO 950 084580 0090
946 SFP=4 084550 6000
$50 ut-xnr¢TL)vaxsrP/av. 084600 €000
UCLe 9.97X(UL  +10.)xx2-7. 084619 0603
UCE= ©. OOTl(UL +80.)%%2-45. 084629 0000
UCN104 084630 €000
CLL-UCLtCFLUUK 084640 0009
CEL=UCERCFEWWK 084658 0000
ga-ra s S84036 0060
1000 RETURN 084680 0000
END 084650 0000
SUBROUTINE ccaouv(cno CEG,CMG, ITYPE,GI, ISHAPE, BE, AR, RS, NSTYP 084760 0000
IMSTAB,  DTUN,HH,HOURS, CFLUUK, CFEUUK, §s£eL.rénn srb,Dfc.TInEG) 084710 0000
¢ -= 984720 0000
¢ 084730 0000
¢ 08474¢ 0000
¢ CGROUT CALCULATES THE COST OF GROUTING IN A TUNNEL OR SMAFT 084758 0000

(Continued)
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COSTUN Listing (Continued)

SEQMENT €84760 2000

g - - 084770 9000

- 084782 0000

284790 0000

FINSTVYP, F% )} GO TO 568 284800 0000

FINSTYP.EQ.3) GO TO 660 284810 0000

[ E2TXRBXZBLR ----l-------!ll ROCK SESEREXXXAEAIREXAXTTLRRXLARE 084820 0000

F(ITV’I.ﬁO.R) GO TO 00 084830 0000

¢ 084840 0000

c TUNNEL 084850 0000

1F(G1.G€.190.) GO TO 16e@ 084860 0000

¢ COST OF GROUTING EQUALS 2ERO 084870 0000

100 CLG-0 084880 0009

CEG-0 284890 0000

CNG=0 084900 0000

RETURN 084910 0

160 IF(ISHAPE.EQ.1) SFPe3,14 88492¢ 0000

IF(ISHAPE .EQ.2) SFP#3,57 284930 0000

IF(ISHAPE.EQ.J) SFPs2, 084940 0000

GT=0.005%5FPIBEX(1.+.012G]) 084950 0000

GO TO 409 084960 0020

[ et et 084970 0000

c SHA 084980 0000

Joo IF(GI LT.4 100 084990 0000

c SHAFT ! UET GROUTING REQUIRED 085000 0000

1 SFPe3.1 985010 9000

GT-0.0!'SFP!IE 085020 2020

400 CONTINUE 2085030 Q000

HLeSFPXBE/4. 085048 00090

L=® 085050 0000

UCE»33.-0.01S3(DE-46., )%x32 085066 0009

UCNe1, BSIGTORS!HLIEOOOO0.00 0752HL~0.05%(BE-46. )X82/AR+100. /AR 08507¢ 0000

GO TO 1000 085080 0000

c 285090 0000

c IZXXXXXBELRXTEARXXILLR SOFT GROUND EXXLLXXRXXXIIRIXRXIARXILRAXXAE 085100 @000

¢ IS IT A SHAFT 085110 0000

560 IF(ITYPE.EQ.2) GO TO 64¢ 085120 2000

c 285130 0000

¢ 285140 0000

¢ ST l LIZED BY GROUND INJECTIONS 285150 0000

IF ﬂ STAB.EQ.3) GO TO SS5@ 08516@ 0000

0 65@ 085170 9000

c XS T UNNEL CROWN DEEPER THAN 5@ FT 985180 0000

550 IF(I¢ H%P=.LE.2.AND. DTUN-BE/2..GT.50.) GO TO 0@ 085190 0000

JF(ISHAPE.EQG.3 .AND. DTUN-BE/4..GT.50.) GO TO 600 285200 0000

c GROUTING FROH GROUND SURFACE 285210 0000

TINEG«0.6+DTUN/20.+BE~ 40, 085220 0000

IF (ISHAPE.EQ.3) TIMEGeQ. G#DTUN/?O.*]EISO. 985230 0000

UCL#79.8(DE+1d. )/25. BTIMEGXAR/H HOUR: o86240 0000

UCE#*1S.X(DE+10.)/ BS.ITIHEGIQR/NOURS 085250 0000

UCN*3.XTIMEGE(BE+10.)/25,+€,.258(BE+10. )XX2X(0, 55*0.15!AL0610(50RT 086260 9000

1010, 8ABS(PERM))))/(1.56+0. 15XALOGIO(SORT (10.2ABS (PERM) 085270 0600

IF(ISHAPE.EG.J) UCH=3, XTINEGR(BE+1@.)/85.49 .25!()501..)!(0 SXBE+ 0865280 0000

11..)1(0.5500-XSIALOOIO(SORT(10.!Al$(PERH))))/(1 55+0.152AL0C10(SC 085290 0000

T 085310 9000

¢ GROUTING FROM EXCAUATION FACE 085320 0000

€00 UCL-9 085330 0000

(Continued)




COSTUN Listing (Continued)

UCE=3.43BE
ucn-o.x4xl:+o 8200

.55¢ RABS(PERM))) )/
lts.ttooaszlALOG 10(SGRT 8SFP

OO0

gTﬁlILIZED BY GROUND INJECTIONS
640 X{é .TOD.EO 60T

656 ¢
CEG-0.
NG

RETU
¢ 15 SEENENT MIDPOINT nszpzn THAN 200 FT
700 IF(HN.GT.200.) GO TO &
¢ GROUTING FROM GROUND sunrncs
UCL=79.XTIMEGX (BE+S. J8SFP/S. /DTGRAR/HOLURS
UCE*16.XTIMEGK (BE+5. )XSFP/5 . /DTGXAR/HOURS
UCH=Q.6XTIMEGX (BE+S, )BSFP/DTG+0.64%(0.55+0. 15XALOG1O(SIRT (10, XABS
1(PERH)))):(BE*S JSSFP/(1,55+0.154ALOG10(SGRT(10. SABS(PERM)) )
¢ COST OF GROUTING
1000 CLG=UCLEHOURSECFLULK/AR
CEG=UCE XHOURSXCFEULK /AR
CHGeUC
Es;uan
SUBROUTINE CPUMP(CLP cep cnP NSTYP,FLOW,PH,PIPL,A
1ITYPE,ELSURF EL novn pavs, LINENG, PUAPTM, REX. nrnnéu brock, FLOWL,
2VELLS.RL, TIMEDU, ISUPPT, stuarn Etnpn,ruaten CFLWUK, CFEUNK)

CPUMP CALCULATES THE PUMPING COSTS
PUMPING TIME COMPUTED IN COSTSF IS FOR SOFT GROUND SHAFT ONLY
ASSUME PUMPING 24 HR A DﬁY » 7 DAYS A UEEK OPERATION

IF(NSTYP EQ 3) GO TO 3e2

OO0 O OO0

ROCK OR SOFT GROUND
IF(NSTVP.EO 2) GO TO 100
ROCK

(Cont inued)
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COSTUN Listing (Cont-inued) \
]

[ T COSTS0 085750 0000
o0, 085770 0090
9, 085780 0000
70800 S85200 sose
g DEEP UELL PUMPING ==g=é= 0000
¢ 085836 0000
¢ gon GROUND 085840 0030
100 IF(ITYPE.EQ.2) GO TO 250 085850 0208
¢ ~ 085866 0000
¢ 085870 0008
UELLLN'ELSUQF-EL.O 085880 0000
] PROVIDE S DAYS PUMPING AHEAD OF EXCAVATION TQ REVERSE FLOU 085830 0009
¢ PROVIDE SO FT FINISHED LINING PAST PUMP BEFORE STOPPING ITEM 285900 0020
IF(ISUPPT.LE.3) GO 180 2859:0 0000
¢ STEEL RIBS U[TN LIN XNG 285920 0000
¢ PROVIDE THE GREATER OF TINE TO Fmtsn 50 FT LINING AHEAD OF PUMP, 085930 2000
¢ OR 30 CALENDAR DAYS FOR CURING OF CONCRETE 086340 0000
C SHOTCRETE Xs PLACED UP TO THE FACE. CONCRETE 1S KEPT 150 FT 985950 Qe0¢
[+ BEMIND 085960 0000
IF(S../AR!? 7DAYS.GE.J0,) GO TO 150 085970 0000
¢ 085980 0000
¢ PUMPING TIME CONTROLLED BY CURING TINE 285990 o000
[ CONCRETE 086000 ¢¢ee
IF(LINING.EQ.1) PUMPTM35,+150./ARX7./DAYS 086010 o000
[+ SHOTCRET 086020 %000
IF(%!NING.EO.&) PUMPTM=3S. 286030 0000
086040 0000
¢ 286059 0000
¢ Pum’mc TINE CONTROLLED BY PLACING RATE OF LINING 086060 0000
c CONCRETE 0860708 Q000
3 150 IF(LINING.EG.1) PUMPTM=S.+200.7ARX7./DAYS 086080 0000
c SHOTCRETE 086095 Q000
IF(LINING.EG.2) PUMPTM*5.450./ARX7./DAYS Q8€17Q Q000
G0 YO 45¢ 8861.0 2000
c SEGMENTED SUPPORT 086120 o000
180 U H'S.*SO./RR!7 7DAYS 286130 0000
TO 4 286140 Q0e@
- sl B
250 I?(ELUATR.LT.ELNPB) GO TO 98¢ 086170 000@ |
- )
g
i
(Continued)
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COSTUN Listing (Continued)
. e el e e e
i
c P NG TIME DUTERMINED IN COSYSF 086180 0083
L‘- ::2‘90 0000
¢ NO U(LL 00 0000
éf(l%ggk.tf WELLS<® 0862:0 00400
¢ ugNS 1T LENGTH OF SHAFT e86220 0000
LLLN=g 086230 0000
G0 YO 450 086240 8000
¢ ——ae 036250 0000
¢ CUT=AND-COVER 036260 0000
300 IF(ITYPE.EQ.2) GO TO 95@ 0s627¢ 24000
¢ TUNNE 086280 9000
IF(ELUQTR LT. ELSURF-DYRNCH) GO TO 950 086290 0000
IF(IUATER.EQ.0) GO TO Doe 286300 2000
¢ 15 IT SOLDIER PILE WITH LAGGING 086310 0000
1F(ISUPPT.EQ.5) GO TO 350 286320 0000
IF(DROCK.LT.DTRNCH .AND. ELWATR.LT.ELSURF-DROCK) GO TO 950 086330 0000
GO TO 409 086340 2000
¢ 1S ROCK LINE ABOVE TRENCH BOTTOM 086350 2000
350 IF(DROCK.LT.DTRNCH) GO TO $00 286360 2000
490 PUMPTMe(Y, /ﬂﬁ#(TIHEDU¢1O }/RL)%7. /DAYS 086370 0000
IF(LIN!NG EO 1) PUNPTMs(1./AR+(TINEDU+40.)/RL)X7./LAYS 286380 9000
UELLLNsDTR! 086390 0000
IFCUELLLN. GT DROCK) UELLLN-DROCK 286400 0000
450 PIPED=Q.52FLOULXXQ.4 086410 2000
IFC(PIPED.LT, 1. ) PIPED=1 086420 @800
¢ SETUP COST OF DEEP UWELLS 286430 0000
UCL*(9.43PIPED+3.2)SUELLLNXUELLS2AR/24.3DAYS/? . XCFLUUK/1.12 086440 0000
UCE=(0. 15XPIPED+1 . JSUELLUNXUEL ‘lAR/a4.tDﬁVS/7.xCFEUUK/0.715 28645¢ €820
UCM=(0.752PIPED+3. JXUELLLNXUELLSSAR/24 . 3DAYS/? 086460 0000
¢ OPERATING COST OF DEEP LELLS 286470 0000
UCLOUCL#O BSIUELLSEIPUMPTMXARSDAYS /7 286480 23000
UCE «UCE+0. 0002652F LOULBPHE (0. 0026+7. / (2000, +8.0002655FLOULIPH) )X 086490 0000
1UELLS!PUHPTH!AR!DA ¥Y§$/7. 286500 0000
UCRSUCM+5 . XPHEFLOUL~ 1000000 . SUELLSEPUMPTMRARTDAYS /7, 286510 €000
¢ SETUP 086520 0000
¢ IS IT CUT-GND -COVER 286530 0000
IF(NSTYP.EQ.3) GO TO 1000 386549 €020
c SOFT GROUND 986550 0000
IF(ITYPE.EQ.2) GO TO 1000 086560 0000
¢ ——— -- 0986570 2099
¢ PUHPING FROM TUNNEL 086580 0060
¢ -——- 086590 0009
!
"
A
{
i
(Continued) :
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COSTUN Listing (Continuced)

) GO TQ 850
LOW I8 ZERO

Q.
FLO
«) GO _TO 1000

*i1. IPN13000.¢0 0033’1’
.25+PH/2000. )SFLOL/S07.
IPH/1000.2FLOU/1000.

SUNP PUNPING

PUMPTMs(1./AR+10./RL)X7./DAYS

IF¢ LINING.EO 1) PUMPTMe (Y, /hR+40./RL)l7 /DAYS
UCL*5.XPUNPTM/500. XARXDA s

UCE=0.42PUMPTM/500. XARXDA

ggn;éo 3330.00000448PHKFLOUL)xPUHPTH/SOO .XARXDAYS/?,

RETURN

CALCULATE PUNPING COSTS
CLP=UCLX24/ARX?7./DAYS21. 12
CEP=UCEX24./ARX?./DAYSE0. 715
CgP'UCHt24./AR!7 +/DAYS

END
lsunnog;xus CAIRC(CLAC CEAC CHGC Q,qT,BE, BFé 6H0UR56NSTYP6HSTﬁB.

A sfa €, HH, CAUT, ALOGK TC.DTCA, PURLT, DA,
*atockl,ucmce, 6ﬂ.uux.6r:uux.nnvs v, P

CAIRC COMPUTES THE COSTS OF UENTILATIOH. AIR COOLING,
COMPRESSED AIR, AND AIR LOC

IF(NSTYP.EQ.3) GO TO 400
IF (NSTYP.EQ.1) GO TO S@
Dt.'SORT(IO !AIS(PERH))
IF(Di0.L 005) D1@-0.005

SHAFT OR TUNN
IF(ITYPE.EQ.2) GO TO 300

2
EXEXXAXAZAXAXTEAXXRIRARXAXRE  TUNNELS  XEXRXEEXXEXXKXXKEERXRKLEX 4

CHECK COOLING REGUIREMENT
IF(Q.GT.0.) GO TO 100
NO LING

0 8..
COST SETUP QND OPERATI N N N
F(AL OCKoGT. +) UCLMC=QT2A aLook 2°°LI @ PLant
IS(ALOCK.tT...) UOLHC-OT!(S.-QLOCK)/4B.

*8.39
- 0900013207
UCHC'O .0.0003

(Continued)
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COSTUN Listing {Continuced)

m STAB.NE. 33 GO 10 66 HIT R
F(RSTAB.NE. 4 )
‘ OMPRESSED Al 08719¢ 0000
nx‘(cc.soxo.xntoonocnxo))-sraxnexxe 087200 0000
LOKA=ABS (ALOCK 087210 0000
U 16.4 087220 0000
(3 cms?s or AIR LOCK AND SETUP :g;gg: gg::
CEE50:030000.43. EHH)R (1. +0. 258 (ALOKA=1.)) 087250 0000
U'CE‘ %'#00“.00 OXHH)IX(1.+0.20X(ALOKA=1.)) ::;gg: ::gg
‘ ~
E O ShAPE. £9.3) aLocxn-o SXDBF 087280 0000
F(ALOCKD . T.16. 1 ALICKD-15. 0872950 0000
F(A ocKL LT.30. LOCKL 30, 087300 0000
VALOCK 1 aLocxnx(nLoan+aLo KD) 087310 0000
VBULKeS. x(srnxnrxxa—o.7ss:aLocxpxxa)/ 7. 087320 0000
anox-(zaoo.+o LEHH)X(, »o.asx<anoxa-: 228148, 2UBULKEALOKA 087330 0000
¢ COST OF COMPRESSED AIR PLANT, SETUP AND OPERATI 087340 o00Q
UCLMCA=0.0753(30000.+14. 45CAUT ) SALOKA 087350 0000
UCECAs2.3+0.001 1 XCAUT 087360 0000
UCMCA=0,003%CAUX( ( (AIRPR+14.7)/14.7+0.8001235PUMPLT )X%0.242-1.) 087370 0000 3
CLAC= (UCLLKAZHOURS/AR+UCLMC/DTC+ (UCLMCA+UCLLOK )~ DTCA 1XCF LUK 987380 0000 ]
1 +(UCLCA +UCLC)X24./ARX?. /DAYSXL.12 087350 0000 i
CEACs (UCEC+UCECA)224./ARE?, /nnvsxo 715+UCELOK/DTCAXCFEWUWK 087400 0000
CMACe (UCHMC+UCHCA )X24 . /ARK? . 7 DAYS+UCMCP+UCLOK/DTCA 087410 0000
1 +0. ooooxsxuaLocxxuouns/Aa 087430 0000
: GO TO 500 087430 0000
¢ 087440 0000
¢ CALCULATE UNIT COSTS OF VENTILATION 087450 0000
i 69 UCLU»3.1DN 087460 2000
i UCEV=0.5+0.62525FAXBEXX2/1000. 087470 0000
; UCHVe3. 3xsrnx)sxxaxnn 1600. 887480 0000
; UCHDFUs3. +SFAXBERX2/200. 88749¢ 0000
| cLac-ucLux(Hounsxcrnuux+o StviDM ) /AR 087500 0000
i IF(DTC.GT.@. cLac-anc+cucanxn7c+nounsxuch/na/4.)xcrLuux 087510 0000
; CEACe (UCEV+UCECKHOURS AR/ 4 . YXCFEWU 087520 0000
cnnc-ucnnru+uounsxucnu:nn+ucncxnoURSznaza. 087530 9000
GO TO 500 087540 0000
(v tilttltttttlﬂ!titllt!*!!!!lx SHAFTS EXXXXAXXREIRTAXREAXARELXXXE 087550 0000
¢ COMPRESSED AIR AND COOLING COSTS 087560 0000
300 IF(NSTYP.EQ.1.0R.MSTAB.NE.1) GO TO 4@ 087570 9000
CAUs (28.6+10.XALOGIO(D10) )XSFARBEX2 087580 9000
o-vs $CAU+20. XSGRT (CAU ) +5000 . 987590 0000
CAe8.20 087600 0000
a6 Ce0,000001330 987610 0000
UCECA=2.3+0.00115CAU 087620 0000
UCKC0.0000009%G 08763¢ €900
UCMCA=@, 883XCAUKS ( (AIRPR+14.7)/14.7+0.0025)8%0.242-1.) 087640 0000
) CLAC=UCLCAX24 ., ZARK1 , 087650 €000
csnc-<ucﬁc¢uceca>xa4./nnso.7xs 087660 ¢
(UCRC+UCHCA 1324 . /AR 087670 0000
$0°%e 500 087680 0000
499 CLACe=0. 08765¢ €009
CEnCeQ. 087700 0000 A
1 CNAC 9. 087710 0008
¢ -=e 087720 0000 i
§60 RETURN 987730 9000 ]
END 087740 9000

-
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COSTUN Listing (Concluded)

rsz: NEXSET(LO LD 087750 2000
.tuﬁ 087760 0¢00
T nzautnn 4uor s AHYSTE, 44N 037770 9000
WRITE(LO 087780 0000
s ntnocux.&: n 087790 9800
B i oo s sertes st
10 5on7:uu: 087820 6000
TURN 087830 9000
1 FORMAT(1H1,4A4) 087840 0000
F roannrcaa4$ 087850 0000
Eﬁtnour:us nocx(cnrs CETS cnrs RaD MEX xsunps BE, AR, RS |s4o nsse 87860 sode
1:?vrt NSTVP ubpT, vh SEG, PSOIL PTéTal, 308 ‘

6un§ crLuux.creuun srA.Lxuxué on CLL cel, cn£
éeru. ﬁ
-é
o

UCLeYIX(50.+.043BEx22)
UCE=Y3x(S. 5#-003!(.5010 JEXR)
UCHI§3¥(E 1#-.01!.5!!8)tNOURS/AR#VV

1260 $
i27¢ CJOIN?-’E!SFP/SOSEGN
UCLeUCL+. 1 7S2CJOINTSAR/HOURS
UCE'UCE#.QQS!CJOINTlhRIHOURS
UCM=UCH+.3SCJOINT
UBACKG=SFAS(BEXX2-(BE~-.333)Xx2)
UCLeUCL+1 . 3XUBACKGXAR/HOURS
UCE'UCE*.SlUlﬁCKG!AR/HOURS
UCMeUCN«+1 . 2XUBAC
OLTS-(HOURS!CFLUUK+V(DH)IUCLIQR
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